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STOP 
ZERO CHASING 


NOW! 


MEASURE RF POWER | 
WITHOUT CONTINUAL 


One twist of one knob zero sets all ranges... for hours! 


The new (ip) 4314 Power Meter 
S «gives you 3% accuracy on 
all ranges, less than 2 pw/°C 
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This wide-range, temperature compensated coaxial 
mount covers 10 MC to 10 GC, with no tuning re- 
quired. Closely matched thermal environments for 
the two thermistor pairs for use with the dual bridge 
4 431A assure excellent tracking, even under ther- 
mal shock. The # 478A as used with the ¥ 431A 
provides high accuracy and virtually drift-free op- 
eration. 


SPECIFICATIONS 


Frequency Range: 10 MC to 10 GC 
Swe: Less than 1.5 (less than 1.3, 50 MC to 7 GC) 


Power Range: law to 10 mw (with @ 431A) 


Elements Four 100-ohm, negative temperature coefficient 
thermistors permanently installed 
Price: $145.00 








Thermal drift less than 2 pw/°C 
+3% accuracy on all ranges 


Single setting zeroes all ranges 
for hours 


Easy to operate 


Grounded recorder output 





Optional portable operation 


hp 486A 
Waveguide 
Thermistor 

Mount 





X-Band Mount, 8.2 to 12.4 GC, provides close tem- 
perature tracking with the ¥ 431A, even in the pres- 
ence of thermal shocks. No tuning is required. Un- 
usual freedom from drift is assured with extremely 
close temperature tracking achieved through care- 
ful matching of thermal environments for the two 
thermistors. 


SPECIFICATIONS 


Frequency Range: 8.2 to 12.4 GC 
Power Range: luw to 10 mw 
SWwR: Less than 1.5 


Elements: Two permanently installed 100-ohm neqative 


coefficient thermistors for each bridae 
Waveguide Size: 1” x 1'/,” 
Price: $145.00 


1 uw to 10 mw coverage, in 
power meter ever produced! 


This new 4 Power Meter makes continual zero-setting a thing of the past, even on the 10 »w range, with 
extreme temperature stability and a single zero-set covering all 7 ranges. You get a completely usable 10 
db sensitivity premium over previously available equipment. 

New, specially designed temperature compensated thermistor mounts are used with the 4 431A. The 
478A Coaxial Mount covers 10 MC to 10 GC, and the 4 X486A Waveguide Mount covers X-Band. 
A dual balanced bridge technique and careful design and construction keep dc power in one bridge equal 
to the unknown rf power in the other. The de power is then metered. High heat conductivity materials and 
matched thermistors in close proximity in the 478A and 486A mounts provide extremely close thermal 
tracking. Thus ambient temperature effects are automatically balanced out and the meter remains zeroed, 
even in the presence of thermal shock. 

These advantages combine to make the 4 431A unusually useful for instantaneous microwave power 
measurements. Microwave power standards measurements can be made to a high accuracy and resolu- 
tion by using the dual bridge of the 49 431A as a transfer device. A dc calibration input jack permits precise 
de calibration of the thermistor mount. The grounded output jack will then drive an appropriate digital 
voltmeter for increased resolution. In addition, the grounded output jack, combined with the nearly drift 
free operation of the 431A, makes reliable long term recordings of microwave power. 

The 49 431A also has an optional rechargeable battery pack which will give up to 24 hours of completely 
portable operation, as well as regular ac line operation while recharging. 

SPECIFICATIONS 


Power Range: 10 pw to 10 mw full scale in 7 ranges. Also calibrated from —30 to +10 dbm 
Accuracy: £3% of full scale on all ranges 
Overall Thermal Drift: Less than 2 uw/ C [includes meter and 478A/486A Mounts) 
Operating Impedance: 100 or 200 ohms, negative, for operation with above Mounts 
Recorder/Voltmeter Output: Phone jack on rear with 1 ma into 2,000 ohms or less 
Calibration Input: Binding posts on rear for calibration of bridge with precise de standards 
Power 1, watts, 115/230 v + 10%, 50-1000 cps 
Dimensions: 7." wide, 6Y,” high, 12%,” deep. Weight 10 Ibs. 
Price $345.00 
} or perhaps your power measuring requirements can be met by these 4 meters 


he 4300 Microwave Power 


PPR. 
=_— = 
: jen! Meter — 0.02 to 10 mw 
This laboratory-proven meter 


: ¥ Pe gives instantaneous rf power read- 


4» 434A Calorimetric Power 
Meter — 10 mw to 10 w 


Here’s the fastest, easiest means 
2, yet devised to measure powers ac- 
¥ ings direct in dbm or mw, 10 MC to curately from 10 mw to 10 w, dc to 
t &&.) 40 GC with # proven bolometer 12.4 GC! No barretter, thermistor, 
’ a. mounts available now. # 430C op- _ external terminations or plumbing are required. Meas- 
erates with any bolometer operating at 100 or 200 —_ urements are as simple as connecting to a 50 ohm type 
ohms, positive or negative temperature coefficient. _N front panel terminal and reading directly. Only two 
Fully adjustable biasing current to 16 ma available _ front panel controls (range and zero); seven meter 
to bring bolometers to their operating range. Five _ ranges for full scale readings of 0.01, 0.03, 0.1, 0.3, 1.0, 
power ranges are selected with a front-panel control, 3.0 and 10 w. Also provides continuous readings —30 
ll scale readings of 0.1, 0.3, 1,3 and 10 mw. Also to +10 dbw. Accuracy +5% of full scale (includes 
itinuous readings —-20 to + 10dbm. Accuracy is de calibration.and rf termination efficiency but not mis- 
5% of full scale reading. Dimensions, (cabinet) match loss). Greater accuracy can be achieved through 
>” x 1114" x 14”; (rack mount) 19” x 7” x 1314" __ appropriate techniques. Dimensions, (cabinet) 2014” 
‘hind panel. Price, # 430C $250.00 (cabinet); # x 1244’ x 14%"; (rack mount) 19” x 101%” x 1314”. 
30CR, $255.00 (rack mount). Price, # 434A, $1600.00 (cabinet) ; # 434AR, $1,585.00 
(rack mount) . 


HEWLETT-PACKARD COMPANY 





1070A Page Mill Road Palo Alto, California, U.S.A. HEWLETT-PACKARD S.A. 
Cable “HEWPACK” DAvenport 6-7000 Rue du Vieux Billard No.1 Geneva, Switzerland 
Sales representatives in all principal areas Cable “HEWPACKSA” Tel. No. (022) 26, 43. 36 


® 
: Data subject to change without notice. Prices f.o.b. factory 
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3-58 Gets ECM Simulator. Electronic system ‘flies’ this week 
Midwest Research Group to Probe Solid State 

Conference Explores Submillimeter Waves. 500 scientists attend 
Talks Stress Import Puzzle. Many manufacturers cautious 
Austria to Construct First Transistor Plant. Work starts soon 
Crosstalk 4 Marketing 


Comment 6 Current Figures 
Electronics Newsletter Meetings Ahead 


Washington Outlook 


a | a Try 

ENGINEERING 

Details of simulator to train operators of B-58 electronic defense 
svstem are revealed for first time. Reflectone manufactures 


simulator. See p 26 COVER 


Determining Electron Density and Distribution in Plasmas. 
Microwave interferometer systems used. By H. L. Bunn 71 


PIN Diodes Control Shorted Stub. Electronically controllable 
shorted stub. By R. H. Mattson 


Fabricating Thin-Film Resistors. Resistance, wattage and accu- 
racy. By I. L. Brandt 


Designing Avalanche Switching Circuits. Comprehensive treat- 
ment of avalanching. By R. P. Rufer 


Improving Rectifier Circuits. Output inductor filter improves 
regulation, loading and smoothing. By G. F. Montgomery 


Design Charts for Low-Frequency Antenna Efficiency. Helps 
determine conversion figures. By G. J. Monser 


DEPARTMENTS 
Research and Development. Sampling Analogs at 5 Me 


Components and Materials. Rhenium’s Role in Electronics 


Production Techniques. Photography Speeds P-C Design 


New on the Market 106 
Literature of the Week 122 


People and Plants 
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SCOPE OF KOVAR ALLOY STOCK ITEMS 


FORM RANGE OF STOCK SIZES NOTES 





Strip i to .030" x 614" wide In coils, annealed 


for deep drow 
Sheet a 020” x 614" x 72” long 
125” x 13” wide x 72” long? 


Wire : .080” diameter 


In flat lengths, 
anneoled for deep draw 


+e Spooled or coiled 
Rod | e! 390" diameter : As drawn” finish, 
. straight lengths 
Ground Rod ’ to 3.0” diameter Centerless ground finish, 
| straight lengths. 





Tubing d ” ©.D. x .005” wall to 1.125” 0.0. & Seamless, “as drawn” 
x .030” wall a finish, straight lengthed” 
Cups } “ to 5.53” O.D. x 020” to .100” wall FF Drawn — flat or ro 
: bottom 
4 
Flanged to 3.375” flange diameter x .020" Drawn — stro 
Cups | to .030” wall ‘ tapered sides 
Flanged | “ to 1.250” flange diameter x : Drawn — ope 
Eyelets } 010” to .020” wall straight or tap 
ides 


Details of standard sizes, price lists and quotations on non-standard * \. 


forgin 
furnished on request. 


Engineering hints from Carborundum 





Check stock forms of KOVAR® Alloy 


to simplify production problems 


KOVAR’, the original iron-nickel-cobalt alloy for making 


stock items, specials can be supplied. Complete technical 
seals with several hard glasses comes in a variety of forms, 


service is offered to help in solving particular processing 

sizes and parts available as stock items for immediate ship- and application problems. Just write The Carborundum 

ment. Company, Refractories Division, Dept. E-41 Latrobe 
The table above summarizes the breadth of these stocks. Plant, Latrobe, Pa. 

It does not, of course, cover the wide range of available 

izes. For example, over forty sizes of seamless KOVAR FIND OUT ABOUT KOVAR- 

illoy tubing are maintained as stock items. Complete, WHERE IT IS USED AND WHY 

ip-to-date data sheets giving specifications, dimensions, Bulletin 5134 gives data on composi- 

surface finishes, tolerances and other details sent on tion, properties and applications of 

request. KOVAR alloy. Supplementary technical, 


2 : , me ; dimensional and price data sheets are 
For applications that cannot be served satisfactorily by available to you on specific request. 


For permanent vacuum and 
pressure-tight sealing .. . count on 


CARBORUNDUM 
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OWEEP 
SIGNALE 


«60 U a CES) DELIVERY FROM STOCK 





for fast, visual 
reflectometer tests 
ranges from 2 to 40 KMC 


Another breakthrough in measuring convenience has been 
achieved by the newly expanded FXR family of self-contained, 
direct reading sweep signal sources. Coverage is now provided 
as high as 40 KMC. Each unit utilizes a permanent magnet 
BWO as the tunable RF source. 

Output power can be equalized at any detection point relative 
to the response of the detection element through use of FXR’s 


eae 


ere, 


ne 





Direct Reading Frequency Dials for Setting 
Upper and Lower Band Ends 

Integral AGC Circuit Keeps Output Flat to 
+0.5 db 

AGC Provision Eliminates Need for Slow 
Response Ratiometer Setups 

Convenient, Portable, Versatile 





exclusive built-in AGC circuit. This circuit provides a flat (+0.5 
db level) on modulated signal throughout the swept frequency 
range when used with matched bolometers and directional 
couplers. This AGC provision eliminates the need for using 
slow response ratiometers, and allows for visual VSWR or 
Reflection Coefficient tests. 


FXR FAMILY OF ALL ELECTRONIC SWEEP SIGNAL SOURCES 


























Frequency 


(wnt) 


2.0-4.0 
4.0-8.0 
8.2-12.4 
12.4-18.0 
18.0-27.0 





Ln pi 


Type 


Model 
Number Connector 








S775A 
C775A 
X775A 
Y775A 
K775A 


70 mw (%” Coax Type N) 





20 mw 
20 mw 


10 mw 


(%” Coax Type N) 
WR-90 UG-39/U 
WR-62 UG-419/U 
UG-595/U 











5 mw WR-42 














U775A 27.0-40.0 











5 mw WR-28 UG-599/U 

















Characteristics and prices subject to change without notice. 





GENERAL SPECIFICATIONS 
SWEEP RATE (Reselution): 0.3 to 300 KMC/sec linear with time 


1OTH: 
OUTPUT SIGNAL: wave (i 
FREQUENCY DIAL Ace cy: +1% for fixed 


POWER senineMenTs: 115/280 ¥ 50/60 coeten, 200 w. 
DIMENSIONS: s 1210" high x 2144” Wide x 18° deep 


operation 
operation 








PRECISION MICROWAVE EQUIPMENT @ HIGH-POWER PULSE MODULATORS 


April 7, 1961 


FXR OFFICES IN NEW YORK * BOSTON * LOS ANGELES 
REPRESENTATIVES IN ALL MAJOR CITIES THROUGHOUT THE WORLD 


FXR, Ine. 


Design * Development * Manufacture 


25-26 50th STREET ,. RA. 1-9000 
WOODSIDE 77, N. Y. ~ TWX: NY 43745 











HIGH-VOLTAGE POWER SUPPLIES @ ELECTRONIC TEST EQUIPMENT 


CIRCLE 3 ON READER SERVICE CARD 3 





electronics 
Apr. 7, 1961 Volume 34 Number 14 


Published weekly, with Electronics 
Buyers’ Guide and Reference issue, 
os part of the subscription, by 
McGraw-Hill Publishing Company, 
Inc. Founder: James H. McGraw 
(1860-1948). 


Title registered U.S. Patent Office; 
Copyrighted 1961, McGraw-Hill Pub- 
lishing Company, Inc. All rights re- 
served, including the right to repro- 
duce the contents of this publication, 
in whole or in part. 


Executive, editorial, circulation and 
advertising offices McGraw-Hill Build- 
ing, 330 West 42nd Street, New York 
36, N. Y. Telephone Longacre 4-3000. 
Teletype TWX WN.Y. 1-1636. Cable 
McGrowhill, N.Y. Printed in Albany, 
N. Y.; second class postage paid. 


OFFICERS OF THE PUBLICATIONS DI- 
VISION: Nelson L. Bond, President; 
Shelton Fisher, Wollace F. Traendly, 
Senior Vice Presidents; John R. Calla- 
ham, Vice President and Editorial Di- 
rector; Joseph H. Allen, Vice President 
and Director of Advertising Sales; A. 
R. Venezian, Vice President and Circu- 
lation Coordinator 


OFFICERS OF THE CORPORATION: 
Donald C. McGraw, President; Joseph 
A. Gerardi, Hugh J. Kelly, Harry lL. 
Waddell, Executive Vice Presidents; L. 
Keith Goodrich, Vice President and 
Treasurer; John J. Cooke, Secretary. 


Subscriptions are solicited only from 
those actively engaged in the field of 
the publication. Position and com- 
pany connection must be indicated on 
orders Subscription rates: United 
States and Possessions, $6.00 one 
yeor; $9.00 two years; $12.00 three 
years. Canada, $10.00 one year. All 
other countries $20.00 one year. Single 
Copies, United States and Possessions 
and Canada 75¢; Buyers’ Guide $3.00; 
Single Copies all other countries $1.50; 
Buyers’ Guide $10.00 


The Publisher, upon written request 
from any subscriber to our New York 
Office, agrees to refund that part of 
the subscription price applying to 
copies not yet mailed 


Subscribers: Please address all cor- 
respondence, change of address 
notices, subscription orders or com- 
plaints to Fulfillment Manager, Elec- 
tronics, at above address. Change of 
address notices should provide old 
as well as new address, including 
postal zone number if any. If pos- 
sible, attach address label from re- 
cent issue Allow one month for 


change to become effective. 


Postmaster: Please send Form 3579 
to Fulfillment Manager, Electronics, 
330 West 42nd Street, New York 36, 
New York 


ABP 


Audited Paid Circulation 





CROSSTALK 


MIDWEST RESEARCH. Our industry, more than any other, knows the value 
of research. It gave us birth, growth and size. And it gives us an 
unlimited future. Therefore, this week we report with more than casual 
interest a development in Ames, Iowa. 

A research program into solid-state electronics is being set up there 
at Iowa State University. The program will be operated with continuing 
financial support from industrial affiliates throughout the country. Par- 
ticipating companies will get new ideas, information, applications and 
the talents of 15 to 20 trained graduates as a return on their research 
investment. For a description of the program’s four major areas, and 
other information, see p 28. 


NEW SIMULATOR. The mounting costs of operating complex weapon sys- 
tems for training personnel continue to create a market for economi- 
cally-operated simulators. Both variety and complexity of simulators 
are growing. 

A good example of the sophistication now required is the new fire 
control/electronic countermeasure simulator for the B-58 Mach 2 bomber. 
Details of this new equipment, now being used at Strategic Air Command 
bases, are not only revealing from a simulator standpoint but also throw 
light on the workings of the still highly-classified B-58 ecm system itself. 
Read our article on p 26. 


Coming In Our April 14 Issue 


COMMUNICATIONS. Increasing dependence upon radio communication 
coupled with the crowding of the radio spectrum has resulted in a need 
for high-performance receivers that can operate with maximum resist- 
ance to interference. This need dictates a concomitant requirement for 
testing specifications, methods and standards by which a given receiver 
can be graded. 

Next week, B. T. Newman of General Electronic Laboratories in Cam- 
bridge, Mass., and H. Cahn and R. Keyes of U. S. Army Signal Research 
and Development Laboratory in Fort Monmouth, N. J. describe methods 
for testing and objectively grading the performance of voice-communica- 
tion receivers. Their article presents testing and scoring methods that 
help the design engineer grade receiver performance by comparing per- 
formance with standards based upon an ideal receiver having the most 
easily definable characteristics. 


SWEPT FREQUENCY RECEIVER. An S-Band swept receiver that permits 
continuous reliable measurement of solar radiation throughout the range 
of 2,000 to 4,000 Mc is described in our next issue by D. W. Casey II of 
ITT in Fort Wayne, Ind. Use of a zero frequency i-f improves the noise 
figure, eliminates images and permits the use of simple video i-f am- 
plifiers. 
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For production line testing, 
quality control, 
Re 


H witunf 
D hettliny, 
6 ' ay? 


NEW METERED (§ 
VARIABLE AC 3 
BENCH @ 4“ 
SUPPLIES 


Deliver Any Voltage Up to 140 VAC 
Linear Variation of Output Throughout 
Entire Range 

Smooth Rotary Brush-Tap Controlled 
by Dial on Panel 

Highly Efficient Variable 
Auto-Transformer of Toroidal 

Core Design 

No Waveform Distortion or Voltage 
Drop from No-Load to Full-Load 
Separate Output Ammeter and 
Output Voltmeter 

Dual Range Ammeter: Switching 
Permitted Under Load 

Rugged, Compact, Professional 
Appearance 


Study the performance of electric or elec- 
tronic components under varying line con- 
ditions .. . expose intermittent components 
by inducing failure with over-voltage ... 
check power consumption .. compensate 
for power line voltage variations. 








Model 1073 (3 amp. rating) 
Kit $35.95 Wired $47.95 
Model 1078 (714 amp. rating) 
Kit $42.95 Wired $54.95 
(Add 5% in the West) 


See the 41 additional test instruments . . . heip 
ful for your lab and production work. Write for 
free Catalog & name of Distributor. 


EICO, Dept. ERZZJ 3300 N. Biva., L. 1. C. 1, N.Y. 
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COMMENT 


Arecibo 


In response to your article 
“World’s Largest Dish to Aid 
A-Blast Detection,” p 20, Jan. 27, 
we would like to bring certain facts 
to your attention. 

The facility you describe as the 
Arecibo Radio Observatory is the 
Department of Defense ionospheric 
research facility at Arecibo, Puerto 
Rico. It is being built for the Ad- 
vanced Research Projects Agency 
and is funded by ARPA as part of 
Project Defender, a program of ad- 
vanced research in ballistic missile 
and satellite defense. This program 
was suggested by and will be su- 
pervised through Cornell Univer- 
sity under a contract administered 
for ARPA by the Air Force. Fa- 
cilities at the site are being planned 
and constructed by the Army Corps 
of Engineers. 

The instrument you describe as 
a telescope is in fact primarily a 
radar which can also be used as a 
radiotelescope. It will be used 
principally as a research tool to 
study the ionosphere, an environ- 
meiit through which satellites and 
other high-flying objects must pass 
during their flight. In order to de- 
vise proper detection, tracking, and 
interception techniques for appro- 
priate defense systems, the charac- 
teristics of the ionosphere under 
varying conditions 
activity ) 


(such as solar 
and the behavior of ob- 
jects passing through it must be 
carefully analyzed. This research 
will include, for example, the meas- 
urement of electron density and the 
incoherent scattering cross-sections 
of electrons. It is hoped that the 
radar to be constructed at Arecibo 
will provide such fundamental 
knowledge. It will also be used in 
the future, as your article suggests, 
to perform experiments in radio- 
astronomy and the more precise 
measurement of interplanetary dis- 
tances. 

ELECTRONICS has speculated that 
the ionospheric research facility is 
“part of a network for detection 
of the ionospheric 
clear explosions.” 


effects of nu- 
We wish to ad- 
vise you categorically that the fa- 
cility is not part of a nuclear 
detection network. It is a scientific 
laboratory of great potential, and 


we believe it will enable us to en- 
hance our overall basic knowledge 
of the ionosphere and space phe- 
nomena. ARPA, of course, is study- 
ing the scientific and _ technical 
aspects of ground-based and space- 
based detection of nuclear tests in 
space as part of project Vela, the 
national program of research and 
development in nuclear test detec- 
tion, both underground and at high 
altitudes. The ionospheric research 
facility, however, is not part of this 
test detection research effort. 

We are pleased that ELECTRONICS 
has demonstrated an interest in the 
ionospheric research facility, but 
we hope that these comments may 
be published to clarify the record 
with respect to its purpose. 

J. P. RUINA 
ADVANCED RESEARCH PROJECTS 

AGENCY 

WASHINGTON, D. C. 


A Department of Defense report 
on the Arecibo installation says in 
part: “Among (ionospheric) re- 
search projects awaiting comple- 
tion of the dish (is) . detection 
of natural and manmade disturb- 
ances and shocks.” The only sig- 
nificant way we know of that man 
can disturb or shock the ionosphere 
is by nuclear detonation. 


Infrared Transceiver 


We would like to rectify a mis- 
conception which appears in our 
article “Solid-State Modulators for 
Infrared Communications,” p 177, 
Mar. 10. The article describes a 
prototype infrared transceiver. 
However, the photographs shown 
are of Maxsecom (maximum secur- 
ity communications) infrared 
transceivers developed by Honey- 
well’s aeronautical division in West 
Los Angeles, based on our proto- 
type. 

The performance figures which 
we quote refer to the prototype 
rather than to the Maxsecom units, 
which exhibit superior perform- 
ance. We would appreciate it if 
you would point this out to your 
readers. 

PAUL W. KRUSE 
L. D. MCGLAUCHLIN 
MINNEAPOLIS-HONEYWELL 
REGULATOR Co. 
HOPKINS, MINN. 
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Unique 
construction of Elcor 
ISOFORMER® 
makes efficient 
isolated power 
supplies practical 


The drawing shows the unique construction of the 
Isoformer (isolation transformer). This is the key 
element in new Elcor isolated power supplies... 
called ISOPLYS. 

Significant features of the Isoformer are: (A) 
Tape-wound magnetic core (B) Shielded primary 
winding (C) Shielded secondary winding separated 
from core by air gap. 

Results? Distributed capacitance between ground 
and shield of secondary winding is reduced to the 
order of 15 to 40 pf, depending on transformer power 
rating. And in spite of the air gap there is good mag- 
netic coupling between primary and secondary wind- 
ing. Efficiency is of the order of 90%. When used in 
D-C power supply, such as the Isoply, rectifiers are 
enclosed in same shield as secondary winding. With 
Isoplys you can now create simpler, less costly, 
and in many cases, better performing circuit designs 
in applications never before possible. 


3 o 

write for full information: ELCOR Incorporated 
Subsidiary of Welex Electronics Corporation 
Sales | R & D Laboratory { Manufacturing 


1225 W. Broad Street [ Falls Church, Virginia 


JEfferson 2-8850 


April 7, 1961 CIRCLE 7 ON READER SERVICE CARD 














Mallory miniature tantalum capacitors 











from the industry’s widest selection... 


e miniature high-temperature types (to 150°C) 
e smallest metal-case type made 
e encapsulated type for printed circuits 


& e liquid and solid electrolytes 





. seven miniature types in all—with the 





sintered pellet anode pioneered by Mallory. 


And six other types—including foil, 
high temperature, high capacitance. 
Write today for our complete catalog on all 13 types... 
and for a consultation with a Mallory capacitor 
specialist. Mallory Capacitor Company, 

Indianapolis 6, Indiana. 


electronics 


for the squeeze on space 


Mallory Tantalum Capacitors 
Stocked by these distributors 


Arlington, Va. 

Rucker Electronic Products 
Baltimore, Md. 

Radio Electric Service 
Binghamton, N.Y. 

Federal Electronics 
Boston, Mass. 

Cramer Electronics, Inc. 

DeMambro Radio Supply Co. 

Lafayette Radio 
Bridgeport, Conn. 

Westconn Electronics 
Buffalo, N.Y. 

Wehle Electronics 
Chicago, Ill. 

Allied Radio Corp. 

Newark Electronics Corp. 
Cincinnati, Ohio 

United Radio 
Cleveland, Ohio 

Pioneer Electronics 
Dallas, Texas 

Engineering Supply Co. 
Dayton, Ohio 

Allied Supply Co. 
Denver, Colo. 

Denver Electronics 
Houston, Texas 

Harrison Equipment Co., Inc. 

Lenert Company 
indianapolis, Ind. 

Graham Electronics 
Los Angeles, Calif. 

California Electronics 

Kierulff Electronics, Inc. 

Radio Product Sales 
Minneapolis, Minn. 

Northwest Radio 
Montreal, Que. 

Canadian Electrical Supply Co. 
Mountainside, N.J. 

Federated Purchaser, Inc. 
Nashville, Tenn. 

Electra Dist. Co. 
Newark, N.J. 

Lafayette Radio 
New York, N.Y. 

Harrison Radio Corp 

Harvey Radio Co., Inc. 

Lafayette Radio 

Terminal Hudson Electronics 
Oakland, Calif. 

Eimar Electronics, Inc. 
Orlando, Fla. ‘ 

East Coast Radio 
Ottawa. Ont. 

Wackid Radio-TV Lab, 
Palo Alto, Calif. 

Zack Electronics 
Pasadena, Calif. 

Electronic Supply Corp, 
Perth Amboy, N.J. 

Atlas Electronics 
Philadelphia, Pa. 

Herbach & Rademan 

Philadelphia Electronics 
Pittsburgh, Pa. 

Radio Parts Co. 

MTF 


St. Louis, Mo. 
a Olive Electronics 

f\ ~~ f \. Seattle. Wash. 
} \ ——— ———-.~ |} WN F. B. Connelly Co, 


Tampa, Florida 
Thurow Distributors, Inc, 
Toronto, Ont. 
Alpha Aracon Radio Co. 
> Electro Sonic Supply 
Wholesale Radio & Electronics 
Tucson, Ariz. 
Standard Radio Parts 
=p Tulsa, Okla. 
Engineering Supply Co. 
Washington, D.C. 


Capitol Radio Wholesalers 
= Electronic Industrial Sales 
*Solid Electrolyte < White Plains, N.Y. 


Westchester Electronic Supply Co., Inc. 
Winston-Salem, N.C. 
Dalton-Hege Radio 


oe P.R. MALLORY & CO inc. 
Complete line of aluminum and tantalum 
electrolytics, motor start and run capacitors / : 
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Sierra Frequency Selective Voltmeter 


f the communications industry ? 


Performance-proved by thousands of users! @ Accepted by all major carrier systems manufacturers, 


specified by most! @ Uniquely convenient, versatile, dependable for monitoring carrier modulation level! 


Single frequency band, one continuous tuning range—eliminates 
band switching 


Flat voltmeter section—for accurate measurement, easy detection of 
spurious signals 


Wide bandwidth—1 to 620 kc—covers 120 channels per L carrier allocation 
Coarse, fine tuning on a single knob—for greater convenience 


Crystal controlled calibration oscillator—for checking both 
frequency and level 


Domestically produced—for years-ahead engineering, rugged construction 


Dual selectivity—versatility for communications test, wave 
analysis, general lab use 


SPECIFICATIONS 
MODEL 125A 


Frequency Range 


Tunable Mode: 3 kc to 620 kc 
Flat Mode: 1 kc to 620 kc 


Measurement Range 


Tunable Mode: —90 dbm to +-32 dbm 
Flat Mode: —30 dbm to +32 dbm 


Selectivity 


Narrow: Down 3 db 125 cps off reso- 
nance; down 45 db 500 cps off 
resonance 

Wide: Down 3 db 1.25 kc off reso- 
nance; down 45 db 5 kc off reso- 
nance 


Price $895.00, f.o.b. factory 


Call your Sierra representative or write 
direct. Sierra Model 125B-CR, with upper 
and lower sideband carrier re-insertion, and 
Model 125B-Y, with patchcord connections 
for type “O"’ and type “‘N” Western Elec- 
tric carrier, also available at additional 
cost. 


Data subject to change without notice. 


SIERRA ELECTRONIC CORPORATION 


A Division of Philco Corporation 


7127A BOHANNON DRIVE DAvenport 6-2060 * Area Code 415» MENLO PARK, CALIF., U.S.A. 


Sales representatives in all principal areas. 
Canada: Atlas Instrument Corporation, Ltd., Montreal, Ottawa, Toronto, Vancouver. 
Export: Frazar & Hansen, Ltd., San Francisco. 
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ELECTRONICS NEWSLETTER 


Report Navy Is Using 
New Antisub System 


NAVY is reported to be using a sub- 
marine-locating device that mag- 
netically attaches itself to the side 
of a target sub, then broadcasts a 
beacon on which surface, subsur- 
face ships, planes can home. The 
parasite transmitter cannot be dis- 
lodged by maneuvering, begins 
transmitting as soon as it makes 
contact with the sub. If a target 
submarine should surface to dis- 
lodge the instrument, it would give 
its position away to airborne radars. 
The device will probably be sown 
in strategically important channels. 

In other antisubmarine defense 
developments, Huyck Systems was 
given a $3-million contract for 
pilot production of AN/ASN-30 
tactical ASW display and computer 
systems. The airborne system is 
meant for the S2F3 aircraft, a 
carrier-borne hunter-killer craft. 
System takes several detector in- 
puts, pinpoints target location, also 
presents dead-reckoning naviga- 
tional information for the pilot. 

Magnavox received a $10.5-mil- 
lion contract for ASW radars to 
be mounted aboard the landbased 
P2V and P8V aircraft. The P3V is 
the modified Lockheed’ Electra 
that is now entering fleet for ASW 
use. 


USAF Asking Bids 
On Combat Op Center 


AIR FORCE announced last week that 
the 425L system will be open for 
bids on April 19. The 425L system 
is designed to be the combat opera- 
tions center for the North Ameri- 
can Air Defense headquarters in 
El Paso County, Colorado. 
struction work will begin before 
June on the site for the new opera- 
tions center under Cheyenne Moun- 
tain; Defense Department released 
$8.5 million to begin the work a 
few weeks ago. The 1962 budget 
includes an additional $12.4 mil- 
lion for the construction phase of 
the project. 

Total cost of the Cheyenne 
Mountain facility is expected to be 


Con- 
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about $66 million. Of this, reliable 
estimates indicate that about a 
third will be used up in building 
the facility. The other $44 million 
will be spent for equipment, in- 
cluding the high-speed communica- 
tions systems and electronic com- 
puters that will help NORAD of- 
ficers keep track of the continental 
defense picture. NORAD officers 
say that much of the electronic 
equipment is “only in the R&D 
stage.” 

The 425L system is now closer 
to hardware than two other top- 
priority L systems. The 465L 
Strategic Air Command control 
system is still under development 
by ITT, and the 473L data-process- 
ing and command display system 
for headquarters USAF is under 
study by the Air Force and Inter- 
national Business Machines. 


Four-MM-Wave Maser 
Uses Carcinotron Pump 


CONTINUOUS-WAVE maser was suc- 
cessfully operated at 4 mm recently 
by G. S. Heller of MIT’s Lincoln 
Laboratory. Heller used the same 
crystal type—iron in titanium ox- 
ide—as used in the Lincoln 
Lab 8-mm maser that is now being 
readied for in moon-bounce 
experiments. Operation at 4 mm 
was achieved by using a carcino- 
tron to pump the maser. The car- 
cinotron, a backward wave oscil- 
lator, developed for Lincoln 
Lab by Compagnie de Telegraphie 
sans Fil of France. It operates on 
2 mm, gives out 100 mw at 76 Ge. 
Gain and bandwidth measurements 
are now being made on the new 
maser. 


was 


use 


was 


Microwave Radio Systems 
Employing Transistors 


NEW MICROWAVE SYSTEMS entering 
the market this week feature solid- 
state construction and 
reliability. 

Motorola has developed a tran- 
sistor microwave package which 
includes r-f, multiplex, telegraph 
carrier and alarm equipment. All 


increased 


stages except the r-f transmitter 
now use transistors; the transmit- 
ter contains a long-life reflex kly- 
stron. Equipment operates in the 
6-Gc region, contains a transmitter 
automatic frequency control that 
provides a frequency stability of 
+0.005 percent. As many as 600 
subearrier channels of toll-quality 
voice can be carried on the multi- 
plex equipment. Telegraph carrier 
provides 18 frequency-shift tone 
channels over a single voice cir- 
cuit, and 22 channels that are ap- 
plied directly on the baseband of a 
radio communications carrier. 

General Electric’s microwave 
system incorporates an _ error-re- 
ducing feedback technique that GE 
claims can give tenfold increase in 
power output with 50 percent less 
power input. Details of the system 
were not disclosed. The company 
says that the lowered power drain 
of the transistor circuits permits 
operation of the system on battery 
power; the system is designed for 
a-c/d-c operation. 


Electrochemical Diffusion 
Makes High-Current Transistor 


EXPERIMENTAL TRANSISTOR de- 
signed for high-current core driver 
type applications has been pro- 
duced by Sprague Electric. The 
unit is a germanium electrochemi- 
cal diffused collector transistor, 
called ECDC for short. It is fabri- 
cated by an etching and plating 
process. 

The ECDC is said to have the 
fast switching characteristics of a 
microalloy diffused type, can han- 
dle larger currents. Collector cur- 
rent rating is 500 ma. Total power 
dissipation in the device at room- 
ambients is 200 mw. Sprague plans 
to try for dissipation levels of 2 
and 3 watts using the same con- 
struction. 


Highway Radiophone 
Powered by Sun 


SUN-POWERED transmiter to allow 
drivers to call for help along ex- 
pressways was demonstrated to 
Chicago and Cook County traffic 
engineers last week. 

System was developed by Hoff- 
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is similar to the 
system used to power orbiting sat- 
ellites. An experimental adapta- 
tion of the satellite system is now 
in use on the Los Angeles freeway 
system, provides four pushbuttons 
to select police, fire, ambulance or 
mechanical Hoffman 
proposed to install the radiophones 
at half-mile intervals along Lake 
Shore drive and other Chicago-area 
expressways, and along all of the 
1,500 miles of federal interstate ex- 
pressway to be built in Illinois. 
Cost of phone service 
along tollways is frequently steep; 
besides, 


man Electronics, 


assistance. 


regular 

drivers in emergencies 
don’t always have a dime to put 
in the coinbox. Hoffman _ spokes- 
men figure it would cost $20,000 to 
put in four central receivers at 
highway police stations, plus $182,- 
000 for 364 call boxes, to serve the 
Illinois tollways. Maintenance 
would about $48 a 


$17,472 a year. 


cost box, or 


lon Bombardment Used 
To Dope Semiconductors 
MORE the 


com- 


about 
hotly 


INFORMATION 
tightly guarded—and 
petitive—subject of nuclear 
bardment of semiconductors 
disclosed last week. 


bom- 

was 
High Voltage 
discussed  re- 


Engineering Corp. 


search in the use of positive-ion 
bombardment to implant controlled 
amounts of impurities in transistor 
rfaces. 
The E. A. Burrill 


savs “heavy ions such as arsenic or 


company’s 


antimony can be accelerated to 


sufficient become im- 
bedded in ervystal lattices. 


energies to 
Alterna- 
bombardment of 
pure germanium can produce radio- 
active of controlled distri- 
bution and concentration in the vol- 


ume, eventually 


ly 


vely, 


neutron 
centers 


decaying to stable 
um, an effective impurity for 

‘ansistors.” 

Research work may be useful in 
developing techniques for implant- 
ng impurities in tiny areas of a 
semiconductor 


surface as part of 


engineering tech- 


the molecular 


! ology. 


Two Wires Carry 50,000 Bits 
By Diphase Transmission 
NEW TECHNIQUE for handling high- 


volume digital data was announced 
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last week by RCA. Known as dif- 
ferential diphase transmission, the 
technique uses two wires, was de- 
veloped for the Minuteman ICBM 
program. The two wires provide 
for data and timing through the 
use of two-phase’ transmission, 
with a simple crystal-controlled 
clock used to generate timing in- 
formation. Data rates range from 
600 to 2,400 bits per second; RCA 
claims to have transmitted 50,000 
bits per second under laboratory 
conditions, with higher bit rates 
possible. 

Two-phase technique produces a 
fair degree of insensitivity to am- 
plitude variations in the line, RCA 
says, thus making automatic gain 
controls unnecessary. 


Japan Will Produce 
Own Air-Air Missile 


JAPAN’s Self-Defense Agency dis- 
closed last week that its 5-ft 
Mighty Mouse will be produced in 
quantities of about 10,000 in fiscal 
1962. This is the first air-to-air 
missile developed by the Agency’s 
own laboratory and Japanese in- 
dustry that will be produced for the 
defense forces. An antitank missile 
previously was produced, but the 
air defense had 
the U.S. Sidewinder 
which Japan 
about 40,000. 


forces borrowed 
missile, of 
far bought 


has so 


X Finds 
Strong Magnetic Fields 


Explorer 


EXPLORER X, launched from Cape 
Canaveral on March 25, found 
magnetic fields far out in space 
that were stronger than space ex- 
perts had anticipated. National 
Aeronautics & Space Administra- 
tion disclosed last week that 
from the 78-lb vehicle 
fields at 60,000 miles 
“considerably stronger 
pected.” 

The space probe lofted some 112,- 
000 miles from the earth, fell back 
into the Pacific three days later. 


data 
indicated 
that 


than ex- 


were 


Chicom Telecommunications 
Copy East German Models 
LIMITATIONS of the electronics in- 


dustry in the Chinese Peoples Re- 
public apparently have hindered 


the development of modern tele- 
communications, according to a 
government analysis. The Chicom 
Ministry of Posts & Telecommuni- 
cations has been trying to pro- 
duce Chinese-character teleprinter 
equipment since 1953; the equip- 
ment now in use to do this job is 
not of CPR design, but was bor- 
rowed rrom designs produced in 
the German Democratic Republic 
(East Germany). Although re- 
search and development are being 
pressed, the government analysis 
indicates that China’s electronics 
industry still seriously lags that of 
the West. 


Driver Early Warning 


Spots Radar Traps 


RADAR SENTRY that seeks out radar 
speed traps and alerts the driver 
by sounding an alarm is being mar- 
keted by Radatron Inc., North 
Tonawanda, N. Y. 

Warning device weighs 11 oz, can 
fit in the palm of the hand, oper- 
ates from a self-contained battery. 
It contains a detector sensitive to 
the spectrum used for police radar; 
detected output is amplified to 
power an audible alarm. Range of 
the device is about a quarter of a 
mile—1,200 to 1,500 ft—so as not 
to encourage speeding. When it de- 
tects a signal, it puts out a whistle 
which grows louder as range de- 
creases. Police in several communi- 
ties have so far not complained 
about its use. 


System Can Control 
Oil Production Remotely 


LOGGING AND TELEMETERING system 
introduced last week by RCA can 
keep constant vigil over oil wells 
and pipelines, relaying instructions 
to the wellheads and reporting pro- 
duction data. Central control can 
be placed hundreds of miles from 
wellheads and pumping stations; 
orders from the control panel and 
data for logging and display are 
exchanged over a telemeter link 
that can use vhf radio, telephone 
or telegraph lines, submarine cable 
(in the case of offshore installa- 
tions) or microwave. System is 
dubbed Alert (automatic logging 
electronic reporting and telemeter- 
ing), works with RCA’s type 130 
date-transmission link. 
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VITRAMON, INC. Develops Dramatically 
Improved Dielectric Material 


SOLID STATE 
PORCELAIN 
CAPACITORS 


TM. 


with NEW #155 “FRIT” 


ASSURE 10 TIMES BETTER PERFORMANCE 
AFTER A LIFE TEST 10 TIMES MORE DEMANDING! 








Three years of intensive product research, and the desire 
to impose a more exacting quality control during 
production, have resulted in the development of a new Conlasbin nade tone:4 vesebs 
porcelain ‘'frit.'’ Completely formulated and produced : 
within our own plant, this high quality dielectric material, 
utilized for the improved ‘'VY"' Porcelain Capacitors, 


- I A ph 
has produced dramatic results. : 2" 


Axial-Radial Series 
(Conforms with MIL-C-11272B) 





Radial Series 


DISSIPATION FACTOR vs. TIME AT 125 C End Radial Series 


FRIT 105 (350 VDC) 


When tested at 125°C with more than twice previous test 
voltages applied (750 VDC vs 350 VDC and 450 VDC 

vs 200 VDC) and with the time extended to 2000 hours 
(more than 10 times as stringent a test) post-test 
dissipation factor is .002 max. and insulation resistance 

is greater than 100,000 megohms (10 times better)! 


FRIT 155 (750 VDC 


® 
MEIN H Lp gm 
1000 2000 3000 


: INCORPORATED 
NOTE: Offered Exclusively For MIL-C-11272B Requirements. Box 544, Bridgeport 1, Conn. 


DISSIPATION FACTOR (25 C) 


© Vitramon, Ine. 
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BARNSTEAD 
ENGINEERED 


TRANSISTOR 
WASHER 


WITH GREATER CAPACITY | 


for 
WASHING and RINSING 


TRANSISTORS 

DIODES 

MISSILE PARTS 
LARGE POWER TUBES 
ELECTRONIC PARTS 


The new Barnstead Model TW-50X 
Transistor Washer, completely enclosed 
in stainless steel cabinet, was engineered 
for washing and rinsing transistors, 
diodes, missile parts, large power tubes 
and other electronic parts in hot, ultra 
pure water with continuous repurifica- 
tion. It produces best results with faster 
rinsing and fewer rejects. 


The purification system continuously 
repurifies the water by (1). removal of 
organic impurities, (2) demineralization 
and (3) filtration of submicroscopic par- 
ticles to 0.45 microns. RESULT: Ultra- 
pure final rinse water which is not only of 
high electrical resistance, (15,000,000 to 
18,000,000 ohms @ 18° C., but also 
free of organic impurities and minute 
particulate matter which often interfere 
with thorough cleaning. 


A minimum amount of heat is required 
since the system contains its own regen- 
erative heat exchanger. The water is 
continuously recirculated and repurified, 
thus saving thousands of gallons of pure 
water daily, and eliminating the need for 
a larger capacity purification system. 


Reduce your costs . . . cut down on 
rejects . . . write Barnstead for literature 
on the Transistor Washer Model TW-50X. 


MBarnstead 


STILL AND STERILIZER CO. 
84 Lanesville Terrace, Boston 31, Mass. 


FIRST IN PURE WATER 
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WASHINGTON OUTLOOK 


THE KENNEDY ADMINISTRATION changes in Eisenhower’s Pentagon budget 
for fiscal year 1962, starting July 1, will result in a massive reshuffling 
of military electronics contracts. 

For electronics firms working on the Polaris missile and submarine, 
Minuteman ICBM, Skybolt missile, Midas, Samos and several other proj- 
ects, contracting schedules are being substantially boosted. But cutbacks 
or cancellations are in store for contractors on the Titan II missile, B-70 
bomber, Eagle missile and aircraft nuclear propulsion projects. 

Effect of the changes is to boost total new procurement and R&D con- 
tract awards in the new year roughly $1 billion over Eisenhower’s sched- 
ules. This figure excludes the five Polaris submarines and extra missiles 
and the 53 transport planes ordered by Kennedy since his inauguration. 
Funds for these contracts, however, are sought in the budget revision. 


THE POLARIS PROGRAM is being expanded once again by five vessels, which 
makes the current schedule 29 submarines and at least 464 missiles by 
the end of 1964. GE, Sperry, NAA-Autonetics, and Minneapolis-Honey- 
well are among the program’s major electronics contractors. The new 
budget earmarks $1.3 billion extra for the program. 

The Air Force’s Minuteman schedules are rejuggled. Plans for activat- 
ing three mobile squadrons, 30 missiles each, on rail cars will be deferred. 
Instead, an additional fixed base will be built to house three squadrons of 
50 missiles apiece. The Pentagon figures installation costs for the mobile 
units at some 60 percent above fixed-base costs. Production capacity will 
be doubled, but the new plant will be kept on standby for the time being. 
NAA-Autonetics is the guidance contractor. 

Contracting for the Skybolt air-launched ballistic missile will be 
doubled. The new budget calls for $100 million for the development 
project. Nortronics is the guidance contractor. 


THE REVISED BUDGET also calls for extra funds to install bomb alarm de- 
tectors and signals at key warning and communications points and at 
all SAC bases; an additional $16.4 million to develop and install im- 
proved electronic command and control facilities for strategic forces; 
substantial acceleration of Midas early-warning satellite development; 
and an additional $226 million to speed work on the Dyna-Soar, Samos, 
Advent, Defender and Discoverer military space projects. 


TO BEEF UP limited-war forces, the new budget provides for a substantially 
increased ship rehabilitation and modernization program requiring in- 
stallation of new ASW and fire control apparatus; expanded research 
on so-called conventional equipment such as electronic tactical command 
and control gear for Army field use; development of a new fighter plane 
for both Air Force and Navy use; and accelerated procurement of 
various types of battlefield equipment (see p 22). 


ON THE OTHER SIDE of the ledger: the revised budget kills plans to set up 
two Titan II squadrons, 18 missiles in underground launching silos. 
GM’s AC div. is the guidance contractor. 

The B-70 cutback will mean cancellation for the second time within two 
years for projects such as Westinghouse’s defensive subsystem, Motorola’s 
mission and traffic control subsystem, NAA-Autonetics’ automatic flight 
control subsystem and Sperry’s auxiliary gyro platform. The schedule 
has been cut from assembly of 12 fully equipped prototype planes to only 
four stripped-down aircraft with bomb-nav systems. 

Bendix’s Eagle air-to-air missile is knocked out of the budget. The 
atomic airplane project is also cancelled. The defense budget turned 
down the Army’s plea to begin production of components of Western 
Electric’s Nike-Zeus antimissile system. 


KENNEDY also boosted NASA’s budget, earmarking $10 million extra for 
the communications satellite. Total budget is now $44.6 million. 
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A cross-section of disciplines directed toward Space Technology Leadership 

The technical staff at Space Technology Laboratories is the free world’s most experienced group devoted exclusively to advances in 
the civilian and military applications of space technology. ¢ Among STL’s strengths is a versatile capability created by a cross- 
section of the scientific and engineering disciplines. This enables the technical staff to anticipate and solve new problems in every 
area of space technology from fundamental research to complex hardware design and fabrication. @ Today, STL’s growth and 
diversification are opening up exceptional opportunities for outstanding scientists and engineers. Their talents and training will 
bring strength to, and gain strength from, an organization devoted to a single purpose: constant advancement of the state-of-the-art 
in the exploration and understanding of space. @ STL invites the outstanding scientist and engineer to investigate the dynamics of 


a career in this atmosphere of Space Technology Leadership. Resumes and inquiries will receive meticulous attention. 


SPACE TECHNOLOGY LABORATORIES, INC. P.o. 80x 950054, LOS ANGELES 45, CALIFORNIA 


a subsidiary of Thompson Ramo Wooldridge Inc. 


El Segundo « Santa Maria * Edwards Rocket Base * Canoga Park 5 / 


Cape Canaveral * Manchester, England * Singapore * Hawaii 
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YOUR COMPANY 
TO JOIN WITH US 
IN 
PINELLAS COUNTY 


CONTINENTAL OPTICAL COMmMPANy 


mitts me 6America where it is possible to 
attract personnel in every cate- 

BEE BEE TOGS, Inc me gory without difficulty. 
Cosoubcle ; Why? — No executive or em- 
OC jashionbem § a 6ployee need be more than 15 
if q' if m minutes away from home and gar- 
~< y den, from fresh and salt water, 
: fishing, bathing, boating, water 
skiing...no more than 15 min- 
utes away from schools, churches, 
shopping centers, recreational 

and social activities. 

All this, plus a favorable busi- 
ness climate...and SUN-sational 
living all year, in this enchanting 
land of flora and fauna. 

Executive decisions, after exten- 
sive site location surveys in many 
areas of the nation, have resulted 
in major companies locating here. 
Their managements will gladly give 
you the result of their findings. 


“Wp Me Here’s one of the few areas in 


FLORIDa Fy 
SHING Tacy 
TACKLE ms 
9. Co. Ing 


NOTE: Persons seeking positions 
please write Florida State Employ- 
ment Service, 1004 First Avenue 
North, St. Petersburg. 


RADER 
E 


AND 
“NGINEE ASSO 


R: 
S AND Arce 


CIATES 


"TECTs 


Clearwater 


For complete information communicate in confidence with: ae mn 
Indian Rocks 


GREATER ST.PETERSBURG - CLEARWATER INDUSTRY COUNCIL Madeira Beach 


GREATER ST.PETERSBURG CHAMBER OF COMMERCE Pass-a-Grille Beach 


ot Park 
Jack Bryan, Industrial Director / Department E, St. Petersburg, Florida Se “Bee trod 


St. Petersburg Beach 
Tarpon Springs 
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iIn@ DALE )]fc 
Advanced Design plus Stringent Production 
Contro/s equal Unprecedented Reliability 






































DALE’S outstanding 
Series 1200 T-Pots 
give you interchange 


DALE’S new space ability with three 

saving, Series 5000 different terminal con 

square T-Pots round figurations available 
i\ out a comprehensive 

line to meet every 

need 


THE ROOM WITHIN A ROOM... 


scene of the modern production techniques by which Dale Elec- 
tronics absolutely controls temperature, humidity, dust, corrosive 
gases and all other environmental factors to assure the highest 
quality and reliability in Dale Trimmer Potentiometers. 


Within this surgically clean room, temperature and humidity are 
maintained at a constant level. The air is electrostatically filtered 
and pressurized to maintain purity. The skilled workers who oper- 
ate the precision tools, fixtures and optical equipment necessary 
for sub-miniature and micro-miniature assembly, wear special 
smocks and head coverings as a further safeguard against dust, 
lint and other foreign materials. 











A Dale worker 
dressed for the 
room within a 
room” in spe 
ial smock and 


head covering 
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) DALE ELECTRONICS, ING. PACIFIC DIVISION 
P. 0. Box 747, Burbank, Calif. Home Office Columbus, Nebraska 


B 
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ADVANCED DESIGN I/lustrated by 
HIGH PERFORMANCE 


SERIES 1200 - 
T-POT -~@ 


clous metal wiper with low weight-pressure 
ratio provides best performance under vibration and shock 
ENLARGED CUTAWAY ; a . 8 ring seal provides protection against humidity 
salt spray 
ILLUSTRATION : 


. Thrust spring maintains constant position of lead screw elim 
Four Times Actual Size inating lead screw backlash 


dust and 


. Polished stainless steel lead screw is ultrasonically polished 
for smooth operation and long rotational life 


1. Welded termination - Collector provides dual current path for improved reliability 
9 


and low rotational noise ve 
2. Longer winding mandrel (ceramic) giving better resolution, ° , ise level 

better heat dissipation, higher values and allows use of . Wide selection of terminal configurations is available to 
larger wire diameter meet any requirements 


A DALE T-POT TO MEET EVERY DEMAND 





A miniature (.280” x .310” x 1.250”), humidity proof, precision T-Pot with welded construc- 
tion throughout; three different terminal configurations for standard and printed circuit 
mounting; 10 to 50K ohms; 5% tolerance; 1 watt up to 85° C, derating to O at 150° C. 


A sub-miniature (.300” x .180” x 1”), humidity proof, precision T-Pot with welded construc- 
tion throughout; three different terminal configurations for standard and printed circuit 
mounting; 10 to 30K ohms; 5% tolerance; 1 watt up to 70° C, derating to O at 175° C. 
oy.% i et : ( . 

A sub-miniature (.300” x .180” x 1”), humidity proof, precision T-Pot with welded construc- 


refolamm dalcelelc4acele) omm-1-40) ameliai-ie-1n) qm c-laanllar-lmmere]anir-40]e-) ele) al mm ie] ame) e-lalet-1 comm oy-1al-1me-lale Mol alalc-ce Mella 
cuit mounting; 10 to 30K ohms; 5% tolerance; 1 watt up to 70° C, derating to 0 at 175° C. 


DALE SERIES 1500 WIRE WOUND 

A miniature (.300” x .180” x 1.250”), humidity proof, precision T-Pot with welded construc- 
rerelaMmn dalceles-4acele] ommallal-mmelhai-1e-1a) mn C-igaallar-] mmorelanilcdl]e-1 d(e)at- mm ie] am) ¢-lalel-]ce Wim oy-1al-) Mr-lale MM ol alalc-\e Mol] a 
cuit mounting; 10 to 50K ohms; 5% tolerance; 1 watt up to 70° C, derating to O at. 175° C. 


DALE SERIES 5000 WIRE WOUND 

A new, humidity proof, precision T-Pot with new space saving square configuration (.500” x 
.190” x .500”) and welded construction throughout; 100 to 50K ohms; 5% tolerance; 1 watt 
V] on coy A 0m OPN e(-1¢-) 4141-48 Conk OM-) am bo] 0 Mam On 


DALE SERIES 100 WIRE WOUND 

A miniature, precision T-Pot, ideal for computers and laboratory type applications; five 
different terminal configurations for standard mounting; 10 to 50K ohms; 0.8 watt up to 
70° C, derating to O at 135° C. 

DALE SERIES 200 WIRE WOUND 

A miniature T-Pot offering dependable performance in normal circuits where economy is 


important; five different terminal configurations for standard mounting; 10 to 50K ohms; 
10% tolerance; 0.5 watt up to 70 C, derating to O at 105° C. 


A miniature T-Pot for commercial applications; two different terminal configurations for 
standard mounting; 100 to 20K ohms; 15% tolerance; 0.25 watt up to 70° C, derating to O 
at 85° C. 


athawey ~. [)ALE ELECTRONICS, INC. PACIFIC DIVISION 
LEED | P. 0. Box 747, Burbank, Calif Circle 98 on Reader Service or Inquiry Card 


‘HATHAWAY INSTRUMENTS INC. 



























































































g ER Attached to 99 Style Solder Lugs 





POWER pnd iy 
PART TOLER- RESISTANCE HUMIDITY NDING 
NUMBER ANCE RANGE PROOF RATING ON VALUE 
+ $9 10 Ohms to 50K Ohms .8 Watt 12% to 1.2% 
198 and ALOWPC = 3. 10 Ohms to 50K Ohms 8 Watt 12% to 12% 
195 and ALOWML + 5% 10 Ohms to 50K Ohms NO 2 Watt 12% to 1.2% 
194 and ALOWML-1 + 5% 10 Ohms to 50K Ohms 4 att : 2% to 12% 
193 and AlOWL + 5% 10 Ohms to 50K Ohms .8 Watt 12% to 1.2% 
+109 10 Ohms to 50K Ohms .5 Watt 12% to 1.2% 
398 ond BLiW 10% 10 Ohms to 50K Ohms ‘5 Watt 12% to 12% 
298 and B11WPC +10% N 5 Watt 12% to 126 
295 and BLIWML +10% 10 Ohms to 50K Ohms O - watt 12% to 1 2% 
294 and B11WML-1 +10% 10 Ohms to 50K Ohms r oo gree - ‘3a 
293 and B11WL +10% 10 Ohms to 50K Ohms 12% to 1.2% 
399 and C12W +15% 100 Ohms to 20K Ohms .25 Watt 6% to 1.2% 
398 and C12WPC > 15% 100 Ohms to 20K Ohms NO .25 Watt 6% to 1.2% 
50WL- = 69 10 Ohms to 30K Ohms 1 Watt -23% to 1.829 
692 and 750W ~ 5o 10 Ohms to 30K Ohms 1 Watt "23% to 1.829 
691 and 750WP + §% 10 Ohms to 30K Ohms 1 Watt 23% to 4? 
690 and 750WT = 5% 10 Ohms to 30K Ohms YES 1 Watt 23% to . 2 
686 and 751WL = 3% 10 Ohms to 30K Ohms 1 Watt 23% to 1: 2 
685 and 751W + 5% 10 Ohms to 30K Ohms 1 Watt 23% to 18 2 
684 and 751 WT + 5% 10 Ohms to 30K Ohms 1 Watt .23% to 182° 
683 + 5% 10 Ohms to 30K Ohms 1 Watt .23% to 1.82° 
997 + 5% 10 Ohms to 30K Ohms 1 Watt .23% to 1.82° 
996 + 5% 10 Ohms to 30K Ohms YES 1 Watt "23% to 182° 
983 + 5% 10 Ohms to 30K Ohms 1 Watt .23% to 1.82° 
1289 += 5% 10 Ohms to 50K Ohms 1 Watt 12% to 1.13° 
1288 + 5% 10 Ohms to 50K Ohms YES 1 Watt 12% to 1.13° 
1287 += 5% 10 Ohms to 50K Ohms 1 Watt 12% to 1.135 
1597 and 1000-WL-1 + 5% 10 Ohms to 50K Ohms 1 Watt .12% to 1.135 
1592 and 1000W pa 5% 10 Ohms to 50K Ohms 1 Watt 12% to Ao 
1591 and 1000WP = 3% 10 Ohms to 50K Ohms 1 Watt 12% to sat 
1590 and 1000WT + 5% 10 Ohms to 50K Ohms Y 1 Watt 12% to . 
1586 and 1001WL + 5% 10 Ohms to 50K Ohms ES 1 Watt 12% to 1.13 
1585 and 1001W + 5% 10 Ohms to 50K Ohms 1 Watt 12% to 1.13' 
1584 and 1001WT + 5% 10 Ohms to 50K Ohms 1 Watt 12% to 1.13' 
1583 + 5% 10 Ohms to 50K Ohms 1 Watt .12% to 1.13) 
1580 = 5% 10 Ohms to 50K Ohms 1 Watt 12% to 1.13 
5050 + 5% 100 Ohms te 50K Ohms YES 1 Watt 10% to .72% 
NUMBER 
q 99 Solder Lug — 
hh re) 
98 Printed Circuit 2 ¥ 
———e Solder Lug — } 
Bo ~ 97 28 Awg Stranded ] i 
o Teflon Leads ag 
TERMINAL 96 30 Awg Stranded cit | 
fe] Teflon Leads —— i 
CONFIGURATIONS a B 
i: 95 Molded Cap - a I 
ae 28 Awg Stranded —s ‘is " | 
ree — Vinyl Leads Emerging P- 
—S10 Separately eae ee _ i 
] 94 Molded Cap i ae 
F \\c 28 Awg Stranded g 
raaprceca Vinyl Leads Emerging —, 
a as a Group 15 
0h ee 
maotat 93 28 Awg Stranded Vinyl Leads if ] 


-<CIFICATION SUMMARY 












































ION MAXIMUM CASE DIMENSIONS MOUNTING MECHANICAL 
P ADJUSTM 
UE TEMP (°C.) WIDTH HEIGHT LENGTH CENTERS a 
2% 135° .310 -220 1.250 1.000 25 
2% 135° .310 .220 1.250 1.000 25 
1.2% 135° .310 .220 1.320 1.000 25 
1.2% 135° .310 .220 1.320 1.000 25 
1.2% 135° .310 .220 1.250 1.000 25 
L.2% 105° .310 .220 1.250 1.000 25 
1.2% 105° .310 .220 1.250 1.000 25 
L.2% 105° .310 -220 1.320 1.000 25 
L.2% 105° .310 .220 1.320 1,000 25 
L.2% 105° 310 .220 1.250 1.000 25 
1.2% 85° 310 -220 1.250 1.000 25 
12% 85° .310 .220 1.250 1.000 25 
182% 175° .300 .180 1.000 .750 17 
1.82% 175° .300 .180 1.000 .750 17 
1.82% 175° .300 .180 1.000 P.C. 17 
182% 175° -300 -180 1.000 .750 17 
182% 175° 300 180 1.000 Panel 17 
182% 175° 300 180 1.000 Panel 17 
182% 175° 300 180 1.000 Panel 17 
182% 175° 300 180 1.000 P.C. 17 
182% 175° 300 180 1.000 .750 17 
182% 175° 300 180 1.000 .750 17 
182% 175° 300 180 1.000 P.C. 17 
1.13% 150° 280 310 1.250 1.000 25 
1.13% 150° 280 310 1.250 1.000 25 
1.13% 150° 280 310 1.250 P.C. 25 
1.13% 175° 300 180 1.250 1.000 25 
1.13% 175° 300 180 1.250 1.000 25 
1.13% 175° 300 180 1.250 P.C. 25 
1.13% 175° 300 180 1.250 1.000 25 
1.13% 175° 300 180 1.250 Panel 25 
1.13% 175° 300 180 1.250 Panel 25 
1.13% 175° 300 180 1.250 Panel 25 
1.13% 175° .300 -180 1.250 P.C. 25 
1.13% 175° .300 .180 1.250 P.C. 25 
72% 150° -500 .190 .500 -520 25 
NUMBER NUMBER 
92 26 Awg Solid Wire ———j men In 86 Panel Mounted Style with 28 
Leads pate | Awg Stranded Teflon Leads 
. — ia) 85 Panel Mounted Style with 26 
§ 91 Printed Circuit Pins preenws | . Awg Solid Wire Leads 
a 22 Awg ra ; 
— 
oni 8) 84 Panel Mounted Style with 
oe OO) Hook Type Wire Solder 
90 Hook: Type Wire Solder Pi w Terminal 
Terminal vi 








] 
83 Printed Circuit Pins 22 Awg 
89 Solder Lug = | 








Ie 4 | 80 Printed Circuit Pins 22 Awg 


| 88 30 Awg Stranded Teflon Leads is . = | 


50 30 Awg Stranded Teflon Leads 
87 Printed Circuit Pins 21 Awg 

















ADVANCED DESIGN Illustrated by 
HIGH PERFORMANCE 


aici 


BALE 


i ell 


SERIES 1200 


. Lightweight precious metal wiper with low weight-pressure 
ratio provides best performance under vibration and shock 


ENLARGED CUTAWAY . “O” ring seal provides protection against humidity, dust and 
* salt spre 
ILLUSTRATION ‘ alt spray 


5 . Thrust spring maintains constant position of lead screw elim- 
Four Times Actual Size : inating lead screw backlash 


. Polished stainless steel lead screw is ultrasonically polished 
for smooth operation and long rotational life 

1. Welded termination - Collector provides dual current path for improved reliability 

2. Longer winding mandrel (ceramic) giving better resolution, and low rotational noise level 
better heat dissipation, higher values and allows use of 


. Wide selection of terminal configurations is available to 
larger wire diameter 


meet any requirements 


A DALE T-POT TO MEET EVERY DEMAND 


A miniature (.280” x .310” x 1.250”), humidity proof, precision T-Pot with welded construc- 
i dlolammm calcele}=salel0) ommm cale-(-mmmeliat-1c-1a) am ¢-1ganliar-] Mmmeconahal:a0le-)¢ le) al-mmn ie) ame) ¢-laler-1ceMmr-lale Mm olalalc-ce mmol colli ie 
raalel 0) ah eielcsame © 0M cole l0), Ge) alaal-pabo hy mm co) (-1¢-]0le-same mR 7-] 0G 0] 0 Mm Comt toa Onmme(-1e-)¢la\-m coms OME-) ams bo) 0 ham On 


‘ 


A sub-miniature (.300” x .180” x 1”), humidity proof, precision T-Pot with welded construc- 
tion throughout; three different terminal configurations for standard and printed circuit 
mounting; 10 to 30K ohms; 5% tolerance; 1<watt up to 70° C, derating to O at 175° C. 


A-sub-miniature (.300” x .180” x 1”), humidity proof, precision T-Pot with welded construc- 
i drole calcelel=salelehemm-1t24nlqmelhac-1¢-1a] am c-1aenllar-] mmorelanir-40)e-] le) al-Mmn ie) ame) ¢-lalel- lee Pam oy-1al-] mer lale mm o)alal¢-1e nol 
cuit mounting; 10 to 30K ohms; 5% tolerance; 1 watt up to 70° C, derating to O at 175° C. 


DALE SERIES 1500 WIRE WOUND 

A miniature -(.300” x .180” x 1.250”), humidity proof, precision T-Pot with welded construc- 
tion throughout; nine different terminal configurations for standard, panel and printed cir- 
cuit mounting; 10 to 50K ohms; 5% tolerance; 1 watt up to 70 C, derating to O at 175° C. 


DALE SERIES 5000 WIRE WOUND 

A new, humidity proof, precision T-Pot with new space saving square configuration (.500” x 
.190” x .500”) and welded construction throughout; 100 to 50K ohms; 5% tolerance; 1 watt 
up to 70° C, derating to 0 at 150° C. 


DALE SERIES 100 WIRE WOUND 
A miniature, precision T-Pot, ideal for computers and laboratory type applications; five 
different terminal configurations for standard mounting; 10 to 50K ohins; 0.8 watt up to 
70° C, derating to O at 135° C. 


DALE SERIES 200 WIRE WOUND 

A mintature T-Pot offering dependable performance in normal circuits where economy is 
important; five different terminal configurations for standard mounting; 10 to 50K ohms; 
10% tolerance; 0.5 watt up to 70° C, derating to O at 105° C. 


A. miniature T-Pot for commercial applications; two different terminal configurations for 


standard mounting; 100 to 20K ohms; 15% tolerance; 0.25 watt up to 70° C, derating to 0 
at 85° C. 
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PAPER PEACOCK 


Sweetest word 
in the office heard 
“that Ozal 


a polorfeal his 
a CO/OSTU! | 


dQ papers 


The peacock, they tell us, flaunts color 
to win attention. (From lady peacocks, 
we presume). You, too, can attract 


Colored Papers speed communication, cut 
overhead, 12 eye-catching stocks for dry 
Ozalid and semi-dry Ozafax machines. 
Remember: for best results from Ozalid 
Whiteprinters use Ozalid Paper and Ozalid 
Supplies ... we repeat; use Ozalid Paper 
and Ozalid Supplies. 


attention with color. But in a more bus- 


inesslike way. With Ozalid Sensitized 


Papers you can color-code any engi- 
neering or business system. Speed and 
simplify paperwork. Eliminate routing 


errors. Make sure important or top 
secret documents get instant action 
when needed. In engineering, for ex- 
ample, 


‘blueprints’ no longer need be 
blue. Office systems—production 
control, order-invoicing, income tax 
returns —can be coded by function, 
status, time or destination. Sales bulle- 
tins, charts, graphs, presentations can 
be brightened... made more effective 
by color. Want to simplify, error-proof 
your office system? Show your colors! 
Our booklet “Color says so much...so 


much faster” tells you how. Send for it 
today. Ozalid, Deptis2, Johnson City, N.Y. 


OZALID 


WE REPEAT 


OZALID 


DIVISION OF GENERAL ANILINE & FILM CORPORATION 








ee ee ee 














April 7, 1961 





22 


ALL UNITS ACTUAL SIZE 














INSULATED SHELL 
POWER RESISTORS 


Sprague’s Koolohm Resistors are de- 
signed to meet military and industrial 
requirements for insulated power 
wirewound resistors that will per- 
form dependably. 

New axial-lead Koolohm con- 
struction features include welded 
leads and winding terminations. Ex- 
clusive Ceron® ceramic-insulated re- 
sistance wire, wound on special ce- 
ramic core makes possible multilayer 
non-inductive windings and extra- 
high-resistance-value conventional 
windings. Dense, non-porous ceram- 
ic outer shells provide both humidity 
and mechanical protection for resist- 
afice elements. All resistors are aged- 
on-load to stabilize resistance value. 

The advanced construction of 
these improved Koolohm Resistors 
allows them to operate at “hottest 
spot” temperatures up to 350°C. 
You can depend upon them to carry 
maximum rated load for any given 
physical size. 

Send for Engineering Bulletin7300A 
for complete technical data. 


SPRAGUE ELECTRIC COMPANY 


35 Marshall Street, North Adams, Mass. 


SPRAGUE 


THE MARK OF RELIABILITY 
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MARKETING 


President Expands Limited War Market 


THE PRESIDENT’S decision to beef 
up capabilities for limited warfare 
means an expanded market for the 
special electronic equipment in- 
volved. 

The services with more money to 
spend are those with the most re- 
sponsibility for waging war in 
limited areas. The Marine Corps 
expects a budget appropriation in- 
crease of from 50 to 75 percent. 

The Army and Navy will fare 
well since—with a few exceptions 
—almost all weapons used by both 
are suitable for limited war. Ex- 
ceptions are systems that imply 
general war such as Navy’s Polaris 
missile and Army’s Nike missiles 
assigned to the North American 
Air Defense Command. 

The Air Force, whose objectives 
and weapons are oriented more 
toward general war, will neverthe- 
less receive some strengthening. 

The President’s recommendation 
to Congress last week included a 
$122-million increase in obliga- 
tional authority “to speed up cur- 
rent limited warfare R&D pro- 
grams and to provide for the 
initiation of entirely new  pro- 
grams”; $172 million to finance the 
expanded program for long-range 
airlift aircraft; $40 million for 
construction of an additional am- 
phibious transport of a new type, 
increasing both speed and the ca- 
pability of Marine Corps sealift 
capacity; $84 million for an in- 
crease in the Navy’s ship rehabili- 
tation and modernization program; 
and $230 million for increased pro- 
curement of helicopters, _ rifles, 
modern nonnuclear weapons, elec- 
tronics and communications equip- 
ment, improved ammunition for 
artillery and infantry weapons and 
torpedoes. 

For USAF fighter aircraft, $45 
million was requested for a new 
tactical fighter with nonnuclear ca- 
pabilities and $25 million to modify 
the F-105. 

Some definite uses to which the 
services will put the new money 
were outlined by Secretary of the 
Army Elvis J. Stahr, Jr., top mili- 


For Next 10 Years... 


JOHN F. GRECO, Hughes Aircraft, 
foresees Army’s electronics market for 
limited war over the next ten vears 
at about $5.77 billion. Here’s how the 
market breaks down: 





Electronics 
Dollars 
(billion) 
$0.350 


Total 
(billion) 
$3.16 


Program 


Air Mobility .. 
Missiles & 
Rockets 
Control 
Non-Mission 
Oriented 
Research 


$7.29 $2.200 


$3.070 


tary brass and by representatives 
from industry at the recent Elec- 
tronic Industries Association meet- 
ing in Washington. 

All four services stressed the 
need for better communications. 

Specific communications needs 
were pointed out by Army’s Di- 
rector of Combat Developments 
Brig. Gen. John T. Snodgrass: 
more range in single channel radio 
sets; more mobility and rugged- 
ness in multichannel sets; and 
spectrum saving techniques. 

Another area where added re- 
search would pay dividends, Snod- 
grass said, is a small tactical tropo- 
spheric scatter system, mobile and 
rugged enough for use in forward 
combat areas. 

Brig. Gen. R. C. Richardson, 
chief, Long Range Planning Group, 
USAF, foresees a need for better 
command and control communica- 
tions between tactical air command 
bases. Also, better communications 
between farflung bases and head- 
quarters. 

Marine Corp Deputy Chief of 
Staff for R&D, Brig. Gen. B. A. 
Hochmuth, says the Marines need 
“an improved integrated family of 
radios which will provide reliable 
communications down to the rifle 
squad level under all conditions of 
terrain and environment.” 

Combat surveillance and target 
location systems were stressed by 


electronics 





the Army and Marine Corps. 

The Marines, Hochmuth said, 
find the following practical disad- 
vantages in existing target location 
systems: “They are usually line-of- 
sight; complicated and difficult to 
maintain; bulky and_ relatively 
heavy; they are dependent on 
heavy, noisy, external power source 
(generators) and are primarily de- 
fensive in application.” 

Army would like an effective bat- 
tlefield identification system to dis- 
criminate between friend and foe 
on the ground and in the air. Also, 
a rapid warning net to tell combat 
troops to take cover against a 
friendly nuclear burst. 

The Marines want an integrated 
comprehensive system that pro- 
vides all elements of a landing 
force with position location and 
navigation data. 

Director of Development Pro- 
grams Rear Adm. J. A. Jaap, de- 
scribed these needs for Navy over 
the next few years: improved navi- 
gation and station-keeping devices, 
mine detection, ASW, electronic 
countermeasures and counter-coun- 
termeasures. Jaap said there’s a 
“wide open field for new offensive 
‘dirty work’ electronic devices.” 

Navy also wants revolutionary 
sources of power and a shipboard 
missile launcher for inexpensive 
space probes for weather recon- 
naissance, sea surveillance, upper 
air soundings and one-time com- 
munications. 


Thousands 


; FIGURES OF THE WEEK 


Units | Radio Sets —_ 
Total 
450 + TV 


Sets 


sere Hall Tht 





Production 
Week of 3-1 


SOURCE EIA 
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( Advertisement) 


More 
Standard 
Ratings 

For Styracon® 
Film 


| Capacitors 


New Capacitors for 
Computer Power Supplies 
Now Designed for 


85 C Operation 


New Compulytic® Capacitors, re- 
cently announced by Sprague Elec- 
tric Company, now permit digital 
computer power supply filtering at 
operating temperatures to 85 C. By 
extending the temperature range a 
full 20 C higher than capacitors 
offered by other sources, Compuly- 
tics will reduce design headaches 
by cutting down cooling and venti- 
lating problems. 


Under normal 85 C operating 
conditions, Type 32D Compulytic 
Capacitors display extremely low 
leakage’ current, low equivalent 
series resistance, and have higher 
permissible ripple current values. 
Extended shelf life of 3 years and 
more is another outstanding feature. 


Ratings up to 130,000 uF at 2.5 
volts or 630 uF at 450 volts are 
skillfully packed into the largest 
standard case size of 3” diameter by 
45%” high. Capacitor banks as large 
as 1 farad have been constructed, 
in relatively small space, using 


| Compulytic Capacitors. 


Because of their extremely high 
stability, Compulytics are ideally 
suited for use in continuously ad- 
justable voltage power supplies 
since they will not “deform” when 
operated for long periods at lower 


| than rated voltages. 


For complete technical data, write 
for Engineering Bulletin 3441B to 
Technical Literature Section, 
Sprague Electric Company, 


| 35 Marshall Street, North Adams, 
| Massachusetts. 
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The Sprague Electric Company has 
increased the number of standard 
catalog ratings of its Styracon poly- 
styrene capacitors in both subminia- 
ture metal-clad tubular and drawn 
bathtub cases. In addition, large 
threaded-neck cases have been added 
to the tubular designs in order to 
meet more severe military vibration 
requirements. 


These capacitors will be of special 
interest to electrical circuit designers 
working in the field of digital com- 
putors, precision timing circuits, 
high-Q tuned audio circuits, low- 
frequency filters, bridge measure- 
ments, and similar applications. 


The special electrical qualities of 
polystyrene film permit the design of 
capacitors with virtual freedom from 
dielectric absorption, extremely high 
leakage resistance, extremely low 
power factor, and excellent capaci- 
tance reliability and retrace. The tem- 
perature coefficient of capacitance, 
approximately —120 ppm/°C, is 
practically linear over the full operat- 


| ing range of —55 C to 85 C, and is 
| almost entirely independent of 
frequency. 


For complete technical data on 
Styracon Film Capacitors, write for 
Bulletin 2510A to Technical Litera- 


| ture Section, Sprague Electric Com- 


pany, 35 Marshall St., North 
Adams, Massachusetts. 
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HOW TO INCREASE CIRCUIT 


HIGH VOLTAGE / 


MILITARY SERVOS 


TI_ 2N1714 AND 2N1718 SERIES GIVE YOU EXCLUSIVE “THERMOSLUG” 
PACKAGE/GUARANTEED 10-WATTS AT 100°C CASE/GUARANTEED 
BV ceowuss) OF 60 AND 100 VOLTS. 


TI 2N1722 AND 2N1724 SERIES GIVE YOU EXCLUSIVE 0.5 OHM R-s/GUAR- 


ANTEED 80-VOLT BV crocus) /GUARANTEED BETA AT TWO CURRENT 
LEVELS. 














Now — four improved N-P-N silicon power transistor series to meet high voltage/high 
temperature requirements — particularly where your present devices are taxed beyond their 
temperature and voltage capabilities! These new power devices give you a wide choice of 
excellent power characteristics plus dissipation ratings from 10 to 50 watts at 100°C case 
temperature. Specify these new power transistors today for your power converters, servo 
amplifiers, regulated power supplies, relay drivers, inverters, choppers, and high-current, 
medium-speed switching designs in missile, airborne and communications applications. 





“1 TL2N1714 AND 2N1718 SERIES The 
7.5 watt, 400 cps servo N-P-N 2N1714 and 2N1718 “Thermoslug” 
series give you 10-watt dissipation at 
100°C case temperature with minimum 
| | voltage ratings of 60 and 100 volts. You get 
3"! guaranteed d-c betas of 20 — 60 and 40 — 
120, with a low Vue of 1.6 volts maximum 
plus exclusive guaranteed low-current and 
es low-temperature betas. Electrically identi- 
on | | cal, both the 2N1714 and 2N1718 series are 
SEE available in either the “Thermoslug”’ TO-5, 
: or the double-ended stud high-efficiency 
a, <0 package. 


Voltage Amplification — 44 + 2 db 


Input Resistance — 1.9 KO min Use TI 2N1714 and TI 2N1718 series to 


Total Harmonic Distortion — 5% mex 


Ambient Tempereture Renge: — 55°C to + 125°C replace these transistor series in your new 
designs: 2N497, 2N545, 2N1479, and 2N696. 


amplifier* 








wa 














*For more information on this and other power transistor applications, write for TI data sheet 61433. 


a USTRIBUTOR INDUSTRY'S BROADEST LINE OF TRANSISTORS 
> “4, 


= aC | : e General Purpose « Small Signal « Switching e« High Frequency 
%, 
o7 


2 K e Intermediate Power « Power e« High Power e Industrial 
“ELWveny . nee 


17905 





EFFICIENCY IN YOUR 


HIGH TEMPERATURE 


& POWER SUPPLIES 


BVcEo 
l¢ =30 ma 





Intermediate VBE 


l¢ =200 ma 


Nre 
l¢=10 ma 


hre 
1¢ = 200 ma 


BVeBo 
le =10ya 


Voce (sat) 
l¢ =200 ma 





Power 


2N1714, 2N1718 





60 v min 20 min 60 max 


10 min 


+ _ —__—_} 


10 min 


—}-—_—- — 4 


20 min 


2.0 v max 


2.0 v max 


1.6 v max 


-1.6 v max 


~9N1715,2N1719 | 100vmin | 20min 60 max 


2.0 v max 


2N1716, 2N1720 | 60vmin | 40min 120 max “16 v max 


-ON1717, 2N1721 


100 v min 


40 min 120 max a 


20 min 


1.6 v max 


2.0 v max 





High Power 


l¢ = 200 ma 


Ic=2a 


1¢ = 100 ma 


lce=2a 


I¢=2a 


l¢=10 ma 








2N1722, 2N1724 





80 v min 


20 min 90 max 


20 min 


2.0 v max 


1.0 v max 


10 v 


























TL2N1722 AND 2N1724 SERIES You 
get high power, high frequency response, 
high voltage, and low Res with TI 2N1722 
(square-flange) and 2N1724 (double-ended 
stud). These high-current silicon power 
devices give you 50 watts of power dissi- 
pation at 100°C case temperature, guar- 
anteed |h;| greater than 1 at 10 me, and 
80-volts BVerowuse. The maximum Vrs of 
2 volts and maximum Rs of 0.5 ohms, both 
guaranteed at 2-amps collector current, 
improve overall circuit efficiency. 

Use TI 2N1722 and TI 2N1724 to replace 
these transistor series in your new designs: 
2N389, 2N1487, 2N1511, 2N1660, 2N1015 and 
2N1616. 





120 watt, 10 Ke de-de converter* 








cuit Characteristics at 120 w Power Output 
Input Current — Se 
Total Efficiency — 85% 
Self-Startim 1g and Short-Circuit Protected 
Ovtput Ripple — 0.6 v mox 
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*+For more information on this and other power transistor applications, write for TI data sheet 
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B-58 GETS 


OPERATORS OF THE still highly clas- 
sified electronic defense system for 
the Convair B-58 are “flying” mis- 
sions this week in a simulator, an 
exact replica of the Mach 2 
bomber’s Defense System Operator 
(DSO) battle station, at the Stra- 
tegic Air Command’s Carswell 
AFB, Fort Worth, Texas. Three 
more trainers are scheduled for in- 
stallation at other SAC bases. 
The ecm simulator, designated 
AN/ASQ-T1, was designed, and 
developed and built by Reflectone 
Electronics, Inc., under contract 
with B-58 prime contractor Con- 
vair div. of General Dynamics. 
The simulator can be operated 


Instructor orients B-58 Defense System Operator in ecm simulator independently or _ interconnected 
used at SAC bases 





with the navigator and _ pilot 
trainers to provide integrated air 
crew training. Initial cost of one 
DSO trainer is approximately 
1/100 of one B-58 aircraft. 
Computer system uses upright slide-out racks The system consists of a trainee 
station—a duplicate of the third 
crew station of the B-58—an in- 
structor’s station, recording equip- 
ment and instrumentation. 

The trainer simulates two 
ground-based radars and_ three 
radar-equipped airborne targets 
(some of which may be decoys), 
using programmable signal-gener- 
ating equipment and analog com- 
puters. 

The initial conditions under 
which the airborne targets begin 
their passes at the bomber, and the 
maximum performance character- 
istics of the target are _ pro- 
grammed. The system then com- 
putes range and azimuth data to 
simulate attacking vehicles. 

When the operator gets “within 
range” of these target  trans- 
mitters, he receives visual and 
audio alarm warnings of attack or 
detection. He then selects evasive 
action, ecm or chaff to combat the 
enemy threat. If his action is suc- 
cessful the target disappears from 
the radar scope and the warning 
alarm stops. 

Bomber parameters are not pro- 
grammed due to the particular 
evasive manuevers used by the 
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KCM SIMULATOR 


B-58. Besides the standard head- 
ing change to throw off enemy 
radar, the B-58 has the capability 
of increasing speed. The instructor 
makes these changes manually 
while a computer changes the tar- 
get course to adhere to the new 
relative position, azimuth and rate 
of closure of the bomber and target. 

Target functions are pro- 
grammed for each of the three 
target generators by inserting 
punched Mylar cards into a Hick- 
hock Cardomatic switch. An ana- 
log electromechanical computer 
system produces pursuit or lead 
collision attack courses. 

The pursuit attack simulates 
infrared missiles, or a fighter air- 
craft following the pursuit attack 
pattern. The lead collision attack 
simulates a ballistic-type missile or 
a fighter aircraft flying a lead col- 
lision course. 

The development of 
elevation signals is not 


accurate 
necessary 
since the only elevation indication 
in the radar system is the relative 
time sequence in which the several 
target signals flash on the scope 
indicator. This function is pro- 


vided, however, with initial eleva- 
tion set in as a d-c voltage. For a 
collision attack, elevation remains 
constant, while for the pursuit 
attack, the elevation d-c is derived 
from a _ pursuit curve function 
potentiometer driven as a function 
of range. 

Simulation of break away tar- 
gets and decoy targets is achieved 
by programmer card selections 
which cause targets to deviate 
from their pursuit or lead collision 
path and fly off the scope. 

The instructor’s station contains 
both manual and automatic pro- 
grammed punch tape equipment 
for controlling the mission. The 
flexible programmer has a repeat- 
able capacity of 50 training condi- 
tions such as radar warning, air- 
borne attack or system malfunction, 
which can be activated at a maxi- 
mum rate of one every two seconds 
for ten hours, a total of 18,000 
functions during a simulated mis- 
sion. 

The performance evaluation sys- 
tem limits the amount of recorded 
information to errors only. Real- 
time displays, duplicate controls 


By JOHN F. MASON 


Associate Editor 


and instruments and switch posi- 
tion ‘“‘tell-light’” indicators allow 
visual monitoring by the instructor. 
Student errors are automatically 
recorded and displayed until cor- 
rected. The reactions are recorded 
on paper tape, with voice com- 
mands or instructor criticism on 
magnetic tape for later review. 

The mission programmer is an 
eight-channel punched tape reader 
capable of handling tape for a ten- 
hour mission. Individual items are 
programmed to a time accuracy of 
+2 sec. The eight tape channels 
provide the 50 separate activation 
switching functions by a relay 
matrix. The relay matrix outputs 
are so terminated as to allow each 
switching function to control more 
than one item. At present 96 func- 
tions are controlled by the pro- 
grammer, and the relay allows 
specific items to be readily changed. 

The mission programmer estab- 
lishes comparison data for the 
selective tell-light system, initiates 
six periodic recorder scans, inserts 
and clears malfunctions, initiates 
“fuse blow,” bomber flight start, 
and airborne attack start. 





Plan Research Park 
For Ann Arbor Area 


TWO HUNDRED AND TEN ACRES of 
farmland at Ann Arbor, Mich. may 
be covered with the first research 
park in mid-America in about six 
years, if plans of some business- 
men, professional men, and faculty 
members of the University of 
Michigan succeed. 

According to a spokesman for 
the group, the Greater Ann Arbor 
Research Park will provide space 
for about 25 research and develop- 
ment facilities to be built by in- 
dustrial firms at the $25-million 
site. 

The backers say the city of Ann 
Arbor will develop the site by in- 
stalling sewers and water services 
and building paved roads on a de- 
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ferred payment plan. 

Several firms have expressed in- 
terest in the new research site, in- 
cluding electronics companies. The 
University of Michigan has ap- 
nointed a committee to cooperate in 
development of the park. 


Malaya Increases 
Radio Imports 13% 


KUALA LUMPUR—Radio equipment 
and parts imports into Malaya (in- 
cluding Singapore) totaled $7,719, 
000 in 1959, according to a recently 
completed survey here. 

This is an increase of 13 percent 
from the $6,036,000 figure reported 
in a 1958 survey. In the first half 
of 1960, imports to the region to- 
taled $3,935,000. 


Prime supplier of radio gear to 
the Malayan area is Japan, which 
shipped 33.7 percent of all gear im- 
ported in the first half of last year. 

In 1959 value of Japanese radio 
imports was five times bigger than 
in the preceding year. In 1958 the 
dollar total was $435,000. In 1959 
it was $2,092,000. 

In 1959 relative import figures 
were: Japan, 27.1 percent: Nether- 
lands, 26.8 percent: United King- 
dom, 24.8 percent: Federal Repub- 
lic of Germany, 16.9 percent. U.S. 
share of Malayan trade in radio 
equipment was 3.6 percent in the 
last half of 1960, 3.0 percent in 
1959 and 4.9 percent in 1958. 

Present high sale items are tran- 
sistor radios, high-fidelity equip- 
ment and stereo gear. Germany 
leads in radio-phonograph sales. 
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Midwest Research Group to Probe Solid State 


By CLETUS M. WILEY 


Midwestern Editor 


AMES, IowA—A Midwest-centered 
research program into solid-state 
electronics is being set up at Iowa 
State University to finance ex- 
panded research through continu- 
ing financial support from indus- 
trial affiliates all over the U. S. 

Companies will get from the 
program new ideas, information, 
applications and the talents of 15 
to 20 trained graduates as return 
on their research investment, say 
professors in four fields of elec- 
trical engineering at ISU. 

The group plans broad investi- 
gations into new semiconductor de- 
vices and solid-state phenomena— 
probing commercially bypassed but 
promising ideas and encouraging 
fundamental investigations. Affili- 
ated companies thus may save cost 
of developing and training staffs 
of their own for work in solid state. 

Objectives of program are to pro- 
vide unrestricted support for re- 
search in solid state, to create an 
atmosphere that will attract and 
retain a top-level staff and to de- 
velop a graduate program that will 
advance midwest area training of 
students of solid-state electronics. 

Four major research areas will 
be covered by the program: 

Devices and transducers for bio- 
medical instrumentation :—Re- 
search will build on applications of 
solid-state research to biomedical 
electronic field at ISU including 
circuits and transducers already 
using solid-state devices. Addi- 
tional study will delve into use of 
magnetostrictive properties of thin 
ferromagnetic films to create trans- 
ducers, using implanted solid-state 
circuits to measure and telemeter 
physiological information, using 
solid-state materials to investigate 
feasibility of electronically activa- 
ted limbs, using solid-state devices 
for instrumentation and using new 
materials to create artificial body 
organs. 

Magnetic and nonmagnetic film 
materials :—Members of ISU’s elec- 
trical engineering department have 
been conducting research, under 
National Science Foundation 
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grants, into properties of magnetic 
films and into properties of devices 
made for them. Magnetic film para- 
metric amplifiers, balanced modula- 
tors, parametrons and logical ele- 
ments have been developed, and 
work on devices such as tunnel di- 
ode-magnetic film combinations will 
be expanded under the new affiliate 
program. Studies will also be made 
of properties of thin layers of con- 
ductors, resistive media and semi- 
conductors. 

Semiconductor materials re- 
search:—This work will build on 
work already underway on applica- 
tions of semiconductor diodes at 
very high and ultrahigh frequen- 
cies as high-power vhf switches, 
varactor amplifiers, infrared de- 
tecting systems, reflection control 
devices and fabricating and apply- 
ing silicon diodes as high-energy 
particle detectors. Research is 
scheduled into fabrication of diodes 
and transistors out of magnesium 
silicide and magnesium germinide. 
Circuit applications of other devices 
such as tunnel diodes are also 
planned. 

Thermoelectric applications:— 
Research will be aimed at study of 
characteristics of thermoelectric 


energy conversion devices and their 
performance as part of a power 
system. Studies will be undertaken 
on steady state and transient con- 
ditions. 

Planners expect about 30 percent 
of affiliate research activities will 
be strictly basic and fundamental, 
with about 70 percent into applica- 
tions of fundamentals developed by 
the program. 

Big difference between the mid- 
west-centered affiliates program 
and its larger counterpart at Stan- 
ford University on the West Coast 
is renewable and continuing pro- 
gram of financing (about $5,000 
annually per affiliate) in place of 
single lump sum grants from spon- 
sors. 

Program calls for a new campus 
research facility to be staffed by 
15 to 20 of 86 E.E. graduate stu- 
dents at ISU, would not compete 
with industry for research con- 
tracts. Industrial affiliates would 
be invited to visit campus for an- 
nual review of programs. 

Companies showing interest in 
program have included Bell Labs, 
Carrier Corporation, General Elec- 
tric, IBM, Minneapolis-Honeywell, 
Motorola and Sperry Rand. 


Airline Provides Closed-Circuit Radio 














LONDON—Passengers on British 
Overseas Airways 707  jetliners 
will be able to listen to music, plays 
and lectures on personal receivers 





picking up broadcasts originated 
in the aircraft by induction loop. 

Initial equipment installations 
are going into 15 of the big jets 
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slated for flights between London 
and Lima, Peru. Passengers will be 
provided with self-contained re- 
ceivers and earsets requiring no 
cords or other attachments. Selec- 
tor buttons will give a choice of 
program fare. Each plane will be 
supplied with 40 hours of program- 
ming on tape. 

The equipment is manufactured 
by an English firm, Esylon Receiv- 
ers. BOAC officials say the Hi-Fli 
service, as it is now called, will be 
extended to other routes and air- 
craft. Plans are underway to pro- 
duce programs in_ several lan- 
guages, as well as special programs 
for children. 


Congo Gets New Center 
For Air Navigation 


BRAZZAVILLE—Radio air navigation 
center went into full activity here 
last week following inauguration 
of service earlier in March. 

The center is operated’ by 
the agency for air navigation 
security in Africa and Madagascar 
(ASECNA). The agency’s direc- 
tor general describes the system as 
the African equivalent of Eurocon- 
trol, Europe’s air navigation 
agency. 

The African transmitter facili- 
ties, described as extremely power- 
ful, are expected to supply radio 
air navigation data to aircraft 
throughout the African territory. 


South African Geld Ore 
Sorted Electronically 


JOHANNESBURG — South African 
mining interests here are studying 
an electronic ore sorting machine 
able to distinguish gold and 
uranium bearing rocks from waste 
debris. 

The underground equipment per- 
forms its sorting function before 
ores are hoisted to the surface. 
Saving in work required to haul 
out useless rock is expected to be 
considerable. 

The equipment being used is 
manufactured locally under license 
to a Canadian firm. There are two 
such machines in Canada, four in 
Australia, 
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The Greeks had a word for it, which escapes 
us at the moment. And we should have a better 
word for it, but we haven't. In this day and 
age, a pedestal is not a simple device to hold 
something up. Rather, at least in the electronics 
industry, it is a unique and complex portion 

of an antenna system. 


Canoga designs, develops and manufactures 
rugged, reliable, light-weight, low-cost pedestals 
for almost any radar and telemetry, optical 

and infra-red use—land-based, ship-borne, on 
trailers, on roof-tops; for use in the arctic, in 

the desert or in the tropics. 


LE'T’S 
TALK 


ABOUT 


Canoga pedestals are slim, minimizing wind 
loading and permitting the mounting of counter- 
balances significantly closer, thereby 

greatly reducing polar moments of inertia. 
Gear trains and related electronics are 
completely enclosed—providing protection 
from weather, fouling, corrosion, breakage, 
etc. Up to 810° of travel are available without 
slip-rings for non-rotational tracking and 
slip-ring models are available for all around 
tracking capability. (Canoga has developed the 
Tri-Ped antenna which provides complete 
flexibility by the addition of a third, or 

traverse, axis to the conventional azimuth 


PEDESTALS 


and elevation axes.) 


A single stowing lock secures both elevation 
and azimuth gears and disengages servos in one 
operation. Elevation of 200° permits “plunging” 
for boresight purposes. 








Canoga pedestals offer compact, double 
planetary, interchangeable drive modules with 
eccentric backlash adjustment, modular inter- 
changeable dota packages, balanced elevation 
yoke which eliminates eccentric loading of 

the azimuth bearing, yielding increased high- 
elevation angle accuracy and minimizing the 
perpendicularity problem. Also, a synchro-torque 
transmitter hand-wheel follow-up feature 
eliminates unexpected pedestal accelerations 
when switching from the slaved to local 

mode of operation. 





Canoga pedestals can accommodate 
paraboloidal dish antennas up to 28’ in 
diameter and various helix arrays. 


Standard bolt circle and bolt dimensions 
provide for adaptability to standard mounts or 
mounting can be engineered to customer 
specifications. 


Canoga Electronics Corporation also 

manufactures complete radar systems, microwave 
ferrite devices and components, radar and telemetry 
antennas, radar reflectors, range instrumentation, 
test equipment and special electronics equipment to 


customer specifications. Ca>mocGeae} 


CANOGA ELECTRONICS CORPORATION, VAN NUYS, CALIFORNIA * FORT WALTON BEACH, FLORIDA 
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Inspecting Car Bodies by Television 

















Thirteen Marconi closed-circuit television cameras inspect car bodies at 
the Standard-Triumph Motor Company’s Works at Coventry, England 


Conference Explores Submillimeter Waves 


SAN FRANCISCO—Increasing inter- 
est in generation and use of 
coherent light energy was shown 
as more than 500 scientists from 
both sides of the Iron Curtain met 
in Berkeley, Calif., recently for the 
Second International Conference 
on Quantum Electronics. Confer- 
ance was sponsored jointly by the 
Office of Naval Research and the 
University of California, and was 
fundamental in nature. While 
most attendees were from the U.S., 
there were’ representatives of 
USSR East and West 
Germany, Israel, England and 
France. 

About 250 scientists attended the 
first Quantum Electronics Con- 
ference, held in September, 1959. 

Conference chairman J. R. Singer 
of University of California opened 
the three-day meeting by noting 
that work in generation, detection 
and amplification of coherent elec- 
tromagnetic radiation shorter than 
a few millimeters in wavelength 
has opened up exciting scientific 
and technical possibilities. 

Singer enumerated applications 
in communications systems, chem- 
ical processing and scientific in- 
vestigation. He said—development 
of communications systems. at 
wavelengths shorter than a few 
millimeters was practical. 

Photoexcitation of molecules by 


Japan, 
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higher optical intensities may also 
be useful in catalyzing of entirely 
new reactions and compounds. 
In addition, photoexcitation can be 
used to change the orbits of elec- 
trons in an atom, or it can be used 
to ionize atoms by displacing elec- 
trons entirely. Either phenomenon 
can catalyze certain reactions, and 
some scientists have expressed the 
belief that entire new chemical in- 
dustries may arise. 

Quantum electronics creates a 
powerful new research tool in the 
optical maser, which will broaden 
the scope of research by optical 
spectroscopy into the study of non- 
linear, large-amplitude oscillations 
of molecules. “We will undoubtedly 
soon be able to induce oscillations 
of sufficient strength to overcome 
the binding forces of molecules,” 
said Singer. 

Associated with applications re- 
search is a far greater degree of 
basic investigation into molecular 
energy levels, interatomic 
plings, coherence 
radiation and ultramicrowave res- 
onant chambers. The majority of 
papers treated these subjects. 

Typical of presentations were 
two on generating coherent light of 
short wavelengths. One, by Paul D. 
Colemen of University of Illinois, 
revealed progress in generating 
coherent submillimeter-wave power 


cou- 
properties of 


by an electron-beam device. Illinois 
approach uses the Cerenkov tech- 
nique: a Teflon dielectric cone con- 
taining a 10-cm axial hole through 
which a one-megavolt, 40-milliam- 
pere bunched-beam traverses, can 
be shaped by physical optics to 
permit radiation in the desired pat- 
tern. It is believed that wave- 
lengths below 0.3 millimeter can 
be produced. 

A less mechanical approach to 
generating submillimeter waves 
uses multiple quantum transitions. 
This possibility was suggested by a 
trio of scientists from Stanford 
University, who said that if a two- 
energy-level system is subjected to 
sufficiently strong r-f pumping at 
a submultiple of the natural transi- 
tion frequency, an interaction will 
occur between the system and the 
r-f input. 

According to equations derived 
at Stanford, the system should ab- 
sorb power at the pump frequency 
and emit it at the natural transi- 
tion frequency. The principle is 
believed applicable at very short 
wavelengths. 


Japanese Phone Net 
Using Novel Tube 


TOKYO—A_ 2,700-channel 12-Mc 
broadband coaxial cable carrier 
system is being installed this week 
on a trial basis between Tokyo and 
Yokahama by Japan Telephone and 
Telegraph Corp. The system will 
include 20 unattended repeater 
stations spaced 43 kilometers apart, 
instead of current spacing of 9 
kilometers. 

Developed at a cost of nearly 
$300,000 over the past six years, 
the system, company officials say, 
has been successfully tested be- 
tween Kumagai and Takasaki. 

The new system, slated to begin 
operating next month, is a buildup 
of the present 960-channel installa- 
tion between the two cities. A com- 
pany official said specialized 6B-R2¢ 
tubes have been designed to amplify 
the broadband, stabilize and pre- 
vent mutual interference on the 
lines. The loss and gain of the tube 
is reportedly designed to be about 
40 db maximum when used for a 
total of 600 repeater stations at 
12 Me. Designed lifetime is 20,- 
000 hours minimum. 
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THE IMPROVED 


MINCOM 
SERIES CM-100 


1.2mec 











At_120 ips the Mincom Series CM-100 now delivers 1.2 mc with the 
same reliability that has been typical of Mincom's 1-megacycle per- New Series CM-100 Frequency Response 
formance for years. 20% extended bandwidths also are obtained a aap “ _ aes “ 
at CM-100’s other five speeds (see table at right). Tape previously 15ips—150 kc 120 ips—1.2 me 
recorded at 1 mc can be played back on the CM-100 with improved 

reproduction. Consistently good pulse response, due to constant phase equalization at all speeds, enables 
this system to perform predetection recording/reproducing on an operational basis—in FM, FM/FM mod- 


ulation, PCM and PCM/FM. Plug-in rack easily converts CM-100 from 7 to 14 tracks. Write for brochure 
and specifications. 
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CLEAN + CLASSIC 
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MILLIAMPERES Rig 


® 


UNCLUTTERED 


Here are meters, free of frills 
and tinsel, executed in hand- 
some good-taste with sensible 
proportions to fit and enhance 
any panel board. 

Besides their aesthetic quali- 
ties, BECKMAN® Panel Meters do 
an unbeatable metering job. 
They are of all-metal construc- 
tion with steel movement enclo- 
sure, and are unaffected by 
magnetic panel materials or 
stray RF. They are dust-free 
and sealed to 2.5” Hg. The 4”x6” 
model shown has a 4.7” long 
seale are for clear, shadowless 
readability. BECKMAN Panel 
Meters have a standard mount- 
ing configuration, and are inter- 
changeable with other meters 
of like dimensions. Special 
scale plates and bezel colors are 
available. 


Best news of all...30 day de- 
livery! Drop us a line or contact 
your nearest Helipot represent- 
ative for details on the BECKMAN 
line, AC and DC Voltmeters, 
Ammeters, Milliammeters, 
Microammeters or Expanded 
Scale Meters. 


Beckman ; 
Helipot 
POTS : MOTORS : METERS 


Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 
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Talks Stress Import Puzzle 


WASHINGTON, D. C.—Foreign trade 
in electronics is slated for increased 
industry attention this Spring, ac- 
cording to observers here. 

One commentator at a_ recent 
four-day meeting of Electronic In- 
dustries Association termed the 
foreign trade situation paradoxical 
in that on one hand the increasing 
rate of imports of electronic com- 
ponents from low-wage countries 
is beginning to hurt domestic pro- 
ducers. At the same time, however, 
the U.S. continues to export three 
times as much electronic mer- 
chandise as it imports. The result: 
many manufacturers view’ the 
situation with great caution. 

This showed up in a plan dis- 
closed by W. Myron Owen of 
Aerovox Corp., chairman of EIA’s 
parts division. The plan calls for 
(1) an educational program aimed 
at labor unions and the community 
at large to encourage purchases of 
American-made products, and (2) 
voluntary quotas to limit imports. 

A member of EIA’s tube and 
semiconductor division reported 
that a small New England elec- 
tronics manufacturer has started 
a unique “Buy American” plan on 
its own. The company is thinking 
of putting a special clause in all 
purchase orders requiring its sup- 
pliers to certify that all components 
sold to the company are U.S.-made, 
subject to a penalty of $100,000. 

The company wants to protect 
itself on its claim that its end-item 
products are produced in the U.S. 

Horace B. McCoy, former head 
of the Commerce Dept.’s Business 
& Defense Services Administration 
and now president of the Trade 
Relations Council, told EIA that 
current congressional efforts to 
give priority to import injury in 
the Area Redevelopment Bill was 
an “upside-down approach.” 

The Council advocates stronger 
enforcement of the present tariff 
law and opposes any further import 
duty reductions. EIA has become 
a member. EIA President, L. 
Berkley Davis of General Electric, 
is a member of the Council’s Board 
of Directors. 

McCoy termed the area. re- 


development approach “Contradic- 
tory in its objectives. It assumes 
that imports will be permitted to 
create more unemployment. In- 
stead of using the redress provided 
in the Trade Agreements Act— 
preserving the payroll before the 
plant is closed down—this legisla- 
tion assumes that the plant will be 
closed down and that the govern- 
ment will have to come in with 
doles afterward in an attempt to 
rectify the situation. We hold that 
it is far better to preserve the egg 
in the first place, rather than to 
try to put Humpty Dumpty back 
together again.” 

Edward R. Taylor of Motorola, 
chairman of EIA’s consumer prod- 
ucts division, speaking on another 
topic at the EIA meetings, reported 
the Association opposes FCC’s 
proposal to require television pro- 
ducers to provide uhf channels in 
all new sets. 

EIA’s opposition stems from two 
factors. First, a general objection 
to the principle of government 
edicts on how to produce. Second, 
a need for a definitive government 
decision on frequency allocations. 
Taylor said it is impractical to con- 
sider the proposed uhf requirement 
until the frequency allocation 
question is resolved. 


Taylor said the requirement 


Code Unit Sends Data 


New device permits pilots to con- 
tact base by punching the coded 
data panels. Inventor Hughes Air- 
craft calls the device Digikey 
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would add an average $30 to the 
cost of a television set and that 
“too many consumers would be 
forced to pay extra for a service 
they won’t use and don’t need.” 

Other highlights of the EIA 
Conference concerned the relation- 
ship between industry and the 
military. 

Lt. Gen. Bernard A. Schriever, 
Commander of the Air Research & 
Development Command, urged in- 
dustry to place even greater stress 
on miniaturization and reliability. 

“Reliability must take on new 
meaning,” he said. “We are inter- 
ested in satellite systems having at 
least an 8,000-hour operable life 
with zero maintenance.” The gen- 
eral said “total failure in launch- 
ing and operating space vehicles 
could be made a thing of the past 
by patterning functions of man- 
made electronic nervous systems 
on the behavior of living organ- 
isms.” 

Paul S. Darnell of Bell Telephone 
Laboratories, chairman of EIA’s 
military-industry study group, said 
more stringent military require- 
ments for reliability will increase 
costs to electronic producers, but 
that the rise may be offset by in- 
creased yield and greater reliability 
of equipment. 

His report recommends ways for 
specifying the reliability of elec- 
tronic parts in military contracts. 

Said Darnell: “With the inten- 
sification of military inspection 
practices and the addition of 
definite reliability level require- 
ments to specifications, parts pro- 
ducers would be required on the 
average to do more testing and 
apply increased control in manu- 
facture.” 

In a panel discussion on the 
Darnell report, E. J. Nucci, the 
Pentagon’s’ electronic _ reliability 
coordinator, said the recommenda- 
tions provide ‘fa basic solution to 
strengthen the government posi- 
tion in the management of parts 
specifications.” 

Leon Podolsky of Sprague Elec- 
tric Co. and chairman of EIA’s 
component parts panel, said the 
plan will ‘“‘affect everyone who sells 
electronics to the government. It 
may determine whether a company 
will have any government busi- 
ness.” 


April 7, 1961 


High selectivity, 
attenuation and precision matching of . . . 


NEW HILL FILTERS ASSURE 
FAST, PRECISE MEASUREMENT 
OF INTER-MODULATION 





ATTEN. DB 


DISTORTION 


2 DB—144 a307 


2 DB B.W 
80 DB B.W 
CENTER FREQ 
2400 OHMS 


16.138 KC 
= 1.599 KC 
= 152.063 KC 
TERMINATION 


INSERTION LOSS 
RIPPLE 25 OB 


4.5 DB J 


80 DB—151.264-#——-» ++ 80 DB—152.863 
> 


‘ shiey 
| 


152 KC BANDPASS FILTER 


FREQUENCY 140 KC 145 KC 150 KC 155 KC 160 KC 165 KC 170 KC 


Actual operational curves, obtained from point-to-point readings, from Hill 
34900 and 34800 filters developed to fulfill customers’ specific requirements. 


These two highly stable, precision-matched Hill Electronic filters 
permit fast, exceptionally accurate measurement of inter-modulation 
| distortion in communications systems. A band elimination filter places 
| a narrow, deep notch in the white noise being passed through the 
equipment under test. Distortion generated in the notch is then isolated 
| for measurement by the narrow band filter. 
The high degree of selectivity and attenuation of these filters, and 
the excellent alignment of one within the other are demonstrated in 
| the actual operational curves shown above. Used together, these filters 
provide 80 db attenuation from 6 to 252 kc. 
| This is a typical example of Hill’s creative engineering that develops 
| outstanding solutions to customers’ specific problems involving LC 
| and crystal control filters as well as precision frequency sources and 
| other crystal devices. 


WRITE FOR BULLETINS 34800/900 


They contain details and specifications concerning the filters described above 


HILL ELECTRONICS, INC. 


MECHANICSBURG, PENNSYLVANIA 
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SAVE TIME 


AND MONEY... 


reduce the 


NANOSECOND PENNIES | 


in your 


SOMPUT ER DESIGN 
at Ment from 


— the new Amperex’ p ‘A: D T 40 


5G ela eS. 


the 


* ya LU 


nanoseconds x pennies 





Right from the sketch-pad stage, plan your 
computer switching circuits with the new 
PADT-40.° The extreme speed and efficient 
design of the PADT-40 gives more U (usefulness 
factor) and lower cost x switching time. This 
results in fewer transistors to buy, less com- 
plicated circuits to design, and the elimination 
of many costly components because of multi- 
function circuit usage. But speed, of course, 
is only one of the cost-and-production advan- 
tages inherent in the PADT-40; RELIABILITY, 
as only. the revolutionary Post Alloy Diffusion 
Technique can provide, is another; AVAIL- 
ABILITY, as only the mass-production tech- 
niques employed at the new Amperex plant 
in Slatersville, R. 1., can provide, is still another; 
LOW PRICES (no higher than for low-speed 
transistors)... plus INTERCHANGEABILITY 
with many conventional mesa transistors, round 


out our ‘package’. Yes, the new Amperex 


PADT-40 is truly worth specifying ... now! 


eeeeeeeeeeeee 
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fasler PNP Germanium Switching Transistor 


High Speed, plus... 

MECHANICAL RUGGEDNESS — guaranteed by 

the only process that combines the best quali- 

ties of both the alloy and the diffusion methods. 

As a result, the PADT-40 is resistant to vibra- 

tion and shock. 

PADT RELIABILITY — Hermetically sealed in a 

standard TO-18 case, the PADT-40 has a deep 

diffused and extremely thin active base region. 

As a result, the Arg and switching time are 

virtually independent of surface effects and 

temperature changes. 

A Rugged, mechanically reliable eutectic 
solder joints 

B Flat bed attachment for good heat 
dissipation 

c¢ Long path prevents weld contamination of 

D 





transistor 
Gold doped for high speed 


e Extremely high cut-off frequency 
High Beta « Low resistivity germanium 


TOTAL 
SWITCHING TIME 


including Rise, 
Fall, Delay and Storage 


-o0130 NANOSECONDS! 


SSCS HHH EET EEH ETHERS EHH HEHEHE EHH E OBES 


Value te t ts tr thot 
AVERAGE SWITCHING TIMES T2055 2 a 40 190. Nanoseconds 


for complete data and new transistor brochure 


AMPEREX ELECTRONIC CORPORATION 
230 Duffy Avenue, Hicksvilie, L.t., N.Y. 


ta Canada: Rogers Electronic Tubes & Components, 116 Vanderhoof Ave., Toronto 17, Ost. 





Austria to Construct First Transistor Plant 


VIENNA—Three Austrian factories 
for manufacture of transistors and 
capacitors will start going up next 
month near Klagenfurt. Blueprints 
call for total floor space of more 
than 120,000 sq ft, with production 
in full swing by 1962. The enter- 
prise will employ about 1,000 
workers. 

The installation is being built by 
Philips Ges m.b.H, the Austrian 
subsidiary of Philips of Eindhoven 


in the Netherlands, and is said to 
be the first transistor manufactur- 
ing establishment in Austria. 

Production programs call for an 
output by 1964 of about $7.69 mil- 
lion. 

Company spokesmen say about 
80 percent of the output will be sold 
outside Austria, but give no indica- 
tion whether sales will be confined 
to Common Market, non-Commu- 
nist or other areas. 





Mexico Telephone Net 
To Carry Tv to U.S. 


MEXICO CITY—Telefonos de Mexico, 
this country’s big telephone utility 
forrierly owned by ITT and Erics- 
son, has announced plans to pour 
some $120 million into an expansion 
program starting this year and ex- 
tending into the Fall of 1965. 

Plans include installation of 300,- 
000 telephones, of which one-third 
will be in the nation’s capital. When 
expansion is completed, the entire 
service will be automatic, allowing 
subscribers to dial their long-dis- 
tance calls. 

Also to be expanded is the phone 
company’s microwave system link- 


Hot Test 


Thermoelectric suit developed by 
Navy and Westinghouse withstands 
135 F as butter melts. Interior tem- 
perature of the suit is 80 F 
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ing Mexico City with the U. S. 
Woiking on a 4,000-Mc frequency, 
the completed hookup will tie into 
American Telephone and Telegraph 
facilities. 

Channels will be set aside for tv 
and radio relay, allowing exchange 
of program fare between U. S. and 
Mexico. The Mexican system will 
enter the U. S. from Monterrey 
south of the Texas border. 


Dutch Airline Testing 
Automatic Landings 


AMSTERDAM—A DC-8 aircraft here 
is being equipped with gear for 
fully automated landings. The sys- 
tem is called the Para-Visual Di- 
rector. KLM, the Dutch airline in- 
stalling it, says for the time being 
it will be used only on trial flights. 

The instrument, developed by the 
British manufacturer Smiths Avia- 
tion, consists of three cylindrical 
glass tubes placed in the pilot’s 
cabin in an easily visible location. 
Within the tubes are black and 
white coils. One tube lies horizontal 
to the plane’s axis. The others are 
at right angles to it. 

The device reacts to normal ILS 
signals in such a way that if the 
plane goes too far to the left, the 
black coils in the appropriate tube 
will curl to the right, indicating 
the plane should be steered in that 
direction. The same will occur in 
cases of deviations to the right or 
incorrect altitudes. When all three 
coils remain motionless, the glide 
path is correct. 


SAVE TIME 
AND MONEY 


right from the start 


with Amperex: 


P-A-D-T40 
PNP Germanium 
Switching Transistor 


NOW AVAILABLE FROM THESE 
AND OTHER LEADING 
INDUSTRIAL ELECTRONICS 
DISTRIBUTORS: 





CALIFORNIA 
R. V. WEATHERFORD COMPANY, 
Glendale 1, Calif. 
BRILL SEMICONDUCTOR CORP. 
Oakland 6, Calif. 
ELMAR ELECTRONICS INC. 
Oakland 7, Calif. 





COLORADO 


INTERSTATE RADIO & SUPPLY 
Denver 4, Colorado 





CONNECTICUT 


RADIO SHACK CORP. 
Stamford, Conn. 

W. Hartford, Conn. 
New Haven 10, Conn. 





FLORIDA 
THUROW ELECTRONICS, INC. 
Cocoa, Fla. « Jacksonville, Fla. 
Miami, Fla. * Oriondo, Fla. 
Pensacola, Fla. « Tampa, Fla. 





ILLINOIS 


NEWARK ELECTRONICS CORP. 
Chicago, III. 





MASSACHUSETTS 


RADIO SHACK CORP. 
Boston, Mass. 





NEW YORK 
MILO ELECTRONICS 
New York, N. Y. 
ROME ELECTRONICS 
Rome, N. Y. 








TEXAS 


ADLETA COMPANY 
Dallas 1, Texas 
Fort Worth, Texas 











AER COM 


DEFINITELY DEPENDABLE! 





Aerocom’s Dual Automatic Radio Beac 


36 


Reliability is built into every part of this 
dual 1000-watt aerophare unit. Ruggedly 
constructed and conservatively rated, it 
provides trouble-free unattended service, 
and at truly low operating and mainte- 
nance cost. It operates in the frequency 
range 200-415 kcs, using plug-in crystal 
for desired frequency. 


Uses single phase power supply, nomi- 
nal 220 volts, 50 or 60 cycles. Consists of 
two 1 kw transmitters with 2 keyers, 
automatic transfer unit and weatherproof 
antenna tuner. Each transmitter housed 
in separate fan ventilated rack cabinet, 
with controls in center rack cabinet. 


Nominal carrier power is 1000 watts. 


2090: S.W. 37th AVENUE 
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High level plate modulation of final am- 
plifier is used, providing any desired level 
of modulation up to 100%. P-T switch 
interrupts tone, permitting voice opera- 
tion. Operates in ambient temperatures 
from —35°C to 55°C, humidity up to 95%. 


Standby transmitter is placed in opera- 
tion when main transmitter suffers loss 
(or low level) of carrier power or modu- 
lation, or continuous (30 sec.) tone, or 
carrier frequency change of 5 kcs or 
more. Audible indication in monitoring 
receiver tells when standby transmitter 
is in operation. 

Antenna may be either vertical tower 
or symmetrical T type. 


Also available in 
50 WATT 
100 WATT 
400 WATT 
and 
4 KILOWATT 
models 














MIAMI, 
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Figure 1 —1ma., 10nsec., 185mv./div. 


The usefulness of diode 
stored charge measurements 


by DAVID E. HUMEZ 


Technical Advisor to the Manager of Operations 
Clevite Transistor, Waltham, Mass 


Because driving signals usually are of fixed amplitude 
and duration in a given circuit, it would be desirable to 
express the transient behavior of diodes in terms of the 
charge which must be removed during switching. It 
would be even more desirable if a simple method of 
measuring stored charge under a given set of circuit 
conditions could predict the diode behavior under 
different conditions. 


Measurements of the charge represented by the 
product of reverse current (I,) and the time (t,) required 
for the diode junction voltage to drop to zero have been 
disappointing. For the same forward current (and there- 
fore the same total stored charge) the charge measured 
varies widely with changes in the reverse current. Table 1 
lists a series of measurements on a single, moderately-fast, 
diode. Note particularly that the measurement made from 
10ma. to 18ma. shows a smaller ratio of t, to T, the 
effective total charge lifetime, than all the other measure- 
ments and yet does not show a maximum normalized 
value of t,I,. Very small values of t,/7 do not give more 
understandable results. 





Table 1 
i, t, Ae 7 
ma pwucoul nsec 
z 18 36 | i 
2.0 42 84 5K is 
1.0 62 62 31.6 
0.5 86 43 33.8 
0.1 34.0 
18 a0 te 
1.0 eS 73 37.2 
2.0 48 96 33.6 
5.0 26 130 31.6 
























































The use of the popular expression Q =TI, (e'"/T— 1) 
at all, and particularly when t,< <T, gives rise to large 
errors because the derivation of the expression makes use 
of a fundamentally false assumption: viz., that at the 
time, t,, the charge contained in the diode will have 
dropped to zero. Both theory and measurement show 
that the fraction of the total charge removed during this 
time is never larger than about one fourth, that it varies 
widely with the ratio of I;/I, and that it reaches a 
maximum at J,/I, of approximately 1.5 corresponding to 
t,/T = 0.35 approximately. 


The current and voltage traces displayed in figure 1 
illustrate the variation in the fraction of charge removed 
during the time, t,. The diode behavior shown is that of 
the diode of Table 1. The last three lines of Table 1 were 
derived from the photographs, whereas the first five lines 
were obtained with different equipment. Experimental 
difficulties in achieving simultaneous traces of current 
and voltage have given rise to small errors. 


A general solution of the diffusion equation for a diode 
whose base is thick compared to a diffusion length (W 
> L) yields the expression, erf 1/t,/T = I,/(I; + I,). By 
the use of this simple expression, values of T andTI; (the 
total stored charge) have been calculated in the last two 
columns of Table 1. For a wide range of values for I,;/I,, 
remarkably uniform values of T result. From the value 
of T can be calculated t, for any value of I;/I,. Assuming 
a value of T = 33 nsec t, was calculated for I;/I, = 0.55. 
The result predicts that the constant current phase of 
recovery should be over in 3.1 nsec. Figure 2 illustrates 
this same diode performing under these conditions. The 
diode is being switched from 10ma forward to 3 volts and 
approximately 100 ohms external loop impedance. Note 
that with such a low voltage and loop impedance the 
voltage drop across the diode itself is not negligible. The 
reverse current is not 3/100 amperes but rather .018 
approximately. Also at this speed the rise time of the 
generator and CRO are important. It is, none the less, 
encouraging that a measurement made at 134 nsec and 
an I;/I, of 200 to 1 should predict so well the behavior 
at 3.1 nsec and an I,/I, of 1 to 1.8. 


Figure 2 Table 2 





t,2 

nsec 
140 
200 
260 
330 
10ma., Insec/div. : 380 



































Table 2 illustrates a simple test for the condition 
W >L. The diode yielding the results listed as tn 
satisfies the condition, the other diode does not. 


Stored charge measurements can, then, be made at 
conveniently long times for a large group of moderately 
to very fast diodes intended for use in the low nanosecond 
range. A single set of test conditions could well be 
adopted as standard for a very wide range of end use 
conditions. 

Detailed information on this subject is available. 
When writing please ask for Applications Bulletin 3. 


CLEVITE TRANSISTOR 
Waltham, Massachusetts 





Shallcross 


RESISTANCE 
NETWORKS 


e«« the inside story 
on quality 


In reading ads for wirewound re- 
sistance networks, you sometimes 
find the superiority of one tech- 
nical characteristic emphasized 
to a misleading degree. Desired 
accuracy, temperature coefficient, 
stability, and voltage division ob- 
tained in one type of network 
may be impossible to achieve in 
another. 


Essentially, network quality is 
determined by the quality of its 
individual resistors. Beyond this, 
network performance improves or 
deteriorates depending on pack- 
aging and mounting techniques, 
AC layout and trimming meth- 
ods, accuracy of measuring in- 
struments, the manufacturer’s 
production standards and _ his 
knowledge of the latest develop- 
ments in network theory. 


Shallcross offers a unique back- 
ground of experience, reliability 
data, manufacturing and testing 
skills to minimize what few error 
factors remain in Shallcross pre- 
cision wirewound resistors when 
the networks are sealed. For a 
sample of this ability, submit 
your next network requirement 
for evaluation by Shallcross engi- 
neers, Meanwhile, send for Bul- 
letin A-2 for a practical discus- 
sion of proper network design. 





fo} g-redf-jrey a! 
circuit 
news 


Temperature Stabilized 


COMPUTER 


High reliability Shallcross P-Type 
precision wirewound resistors help 
these computer networks maintain 
close AC ratios over wide temper- 
ature ranges. To maintain these 
tolerances, Shalicross has refined 
resistor manufacturing techniques 
to provide TC tracking within + 1 
ppm in many cases. Individual 
resistor reliability is enhanced by 
stability “exercises” and by new 
tension relieving devices within 
each resistor. Beyond this, ex- 


NETWORKS 


tremely accurate AC and DC 
measuring instruments help in final 
network design, trimming, pack- 
aging, and_ proof-of-performance 
testing. 

From an extensive background 
of network engineering Shallcross 
offers analog to digital and digital 
to analog converters, voltage divid- 
ers, summing and integrator net- 
works, and others to virtually any 
configuration. 





WHY PACKAGE RESISTANCE NETWORKS? 


Packaging does far more for resistor 
networks than provide convenient 
mounting and environmental protec- 
tion. Some can also increase power 
dissipation, provide electrical shield- 
ing and increase network stability 
over extended temperature ranges. 
Principally however, enclosed net- 
works maintain electrical perform- 
ance by preventing “field introduced” 
errors brought about by improper 
mounting or damage to critical 


AC layouts through improper resis- 
tor replacement during maintenance. 
Where unusually critical voltage 
division tolerances must be main- 
tained, the design engineer should 
make provision for a packaged net- 
work in his application. 

Shallcross regularly supplies net- 
works in many hermetically sealed, 
encapsulated, and plug-in designs. 
For a discussion of when to use 
which style, write for Bulletin A-2. 


Shallcross Manufacturing Co. Ti foar- Oe, lola ise OF taelilar-| 


Precision wirewound resistors, Switches, Instruments, Delay lines, Resistance networks, Audio attenuators 
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precision assures reliability 


“a CAFES ine sae 


MICROWAVE 
EQUIPMENT 


Reliable performance in all environments is assured with Kearfott precision microwave equip- 
ment and components. Available from the experienced Kearfott organization are: Complete 
systems design and development, engineering, high production capacity utilizing the newest 
in equipment and dip-brazing techniques, modern check-out and test facilities. A Kearfott 
Engineer can help you with the most exacting microwave design needs. 








ANTENNAS AND R.F. SYSTEMS | VARIABLE PRECISION ATTENUATORS MICROWAVE SUBSYSTEMS 








RADAR SIMULATORS AND 
FERRITE ISOLATORS FERRITE DUPLEXERS TEST EQUIPMENT 


KEARFOTT DIVISION 
Gp GENERAL PRECISION, INC. Technical 


bulletins 
: on all Kearfott 
Little Falls, New Jersey products 
are available 
on request. 
SALES OFFICES 
Seattie, Wash. Van Nuys, Calif. La Jolla, Calif. Dallas, Texas 
Los Angeles, Calif. Palo Alto, Calif. Phoenix, Ariz. La Grange, Ill. 








Dayton, Ohio Little Falls, N. J. 
Orlando, Fla. Washington, D. C. 
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MEETINGS AHEAD 


Apr. 10-14: International Air Sym- 
posium, FAA; Atlantic City, 
N. J. 


Apr. 11-12: Instrument Automa- 
tion-Electronics Exposition, Ohio 
Valley; Cincinnati Gardens, Cin- 
cinnati, O. 

Apr. 11-13: Ultrapurification of 
Semiconductor Materials, Air 
Force Cambridge Research Lab- 
oratories; New England Mutual 
Hall, Boston. 


Apr. 12-18: Information and Deci- 
sion Processes; Engineering 
Dept., Purdue Univ., Lafayette, 
Ind. 


Apr. 18-14: Society of Technical 
Writers and Publishers, Annual 
Convention; Mark Hopkins Ho- 
tel, San Francisco. 

Apr. 17-19: Protective Relay Conf., 
A&M College of Texas, College 
Station, Tex. 


Apr. 17-19: Instrumental Methods 
of Analysis, ISA; Shamrock- 
Hilton Hotel, Houston, Tex. 


Apr. 17-21: Strain Gage Tech- 
niques, Southwest Research In- 
stitute; San Antonio, Tex. 


Apr. 18-19: Organic Semi¢onduc- 
tors, Inter-Industry Conference, 
Armour Research Foundation of 
Illinois Institute of Technology, 
and ELECTRONICS, McGraw-Hill; 
Terrace Casino, Morrison Hotel, 
Chicago. 

Apr. 19-21: Southwestern IRE 
Conf. and Elec. Show, SW- 
IRECO; Memorial Auditorium, 
Dallas. 


Apr. 20-21: Television & Film 
Techniques, British Kinemato- 
graph Society; IEE, Savoy 
Place, London. 

Aug. 22-25: WESCON, L. A. & 
S. F. Sections of IRE, WCEMA; 
Cow Palace, San Francisco. 

Sept. 11-15: Instrument-Automa- 
tion Conf. and Exhibit, ISA; 
Sports Arena, Los Angeles. 

Oct. 9-11: National Electronics 
Conf., IRE, AIEE, EIA, 
SMPTE; Chicago. 

Nov. 14-16: Northeast Research & 
Engineering Meeting, NEREM; 
Commonwealth Armory and 
Somerset Hotel, Boston. 
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HIGH-ACCURACY 
PRECISE ANGLE INDICATOR 


NEW KEARFOTT UNIT ACCURATE TO +6 MINUTES 


The new CO 2721011 Precise Angle Indicator features an 
accuracy of +6 minutes. Latest addition to the Kearfott 
line of standard test equipment, the unit is designed to 
meet a wide range of applications. Typical Applications 
* Indication of gyro angle of pitch, roll, or yaw and relaying 
of signal to any preselected impedance or voltage level. 
* Indication of shaft position of remote synchro or resolver, 
and transmission of this information to any impedance or 
voltage level. - Display of difference between two shafts 
when driven by transmitter and differential synchros. 





In addition to high accuracy the instrument combines a 
number of other prominent advantages: it requires only a 
single power source; it has good sensitivity; it is designed 
for modular application; and it offers direct automatic read- 


out. The unit is of extremely compact construction and is” 


built for maximal ease of maintenance. 


The low-cost CO 2721011 Precise Angle Indicator is avail- 
able with a single sensor, auxiliary dual-input sensor, or an 
auxiliary retransmitter. For additional information on this 
new test instrument, write for the brochure which describes 
its operation and capabilities in detail. 


SPECIFICATIONS 


Repeatability +1.2 min Slewing Speed 7 sec/180° 
Readability 0.5 min Power (single source) 115 v, 1g, 400 cps 
Input Power 30 va Size 1% x 9% x 9% in. 
Sensitivity 1.0 min Weight 4 Ibs. 


Write for complete data 


KEARFOTT DIVISION 


<> 


GENERAL PRECISION, INC. 





Little Falls, New Jersey 
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the strong case for Centricores 


When you’re considering magnetic cores 
it pays to get down to cases. The sturdy 
aiuminum case for Centricores assumes 
special importance where impact, vibration, 
heat or mechanical pressure could cause 
trouble in a control loop you’re designing, or 
where you want to miniaturize an inductive 
component. 


The case is ruggedly rigid, so that you can 
apply your circuit windings without danger of dis- 
torting the core’s magnetic properties. And the case 
is absolutely leakproof. You can vacuum-impregnate 
Centricores without danger of their damping oil 
leaking out or foreign matter leaking in. The tightly 
sealed case also guards against leakage in applications 
where high ambient temperatures are present, or 
where Centricores are used in rotating equipment. 


Here’s a tip on miniaturization. The rugged 
design of the Centricore case permits use of a thinner 
gage aluminum that shaves fractions of an inch off 
their size—fractions that can add up to precious 
inches where you want to scale down component 
dimensions. Centricores are the slimmest magnetic 
cores on the market. 


Centricores are the most uniform. They 
give the exact performance you want, from core to 
core and lot to lot. Their remarkable consistency in 
insulation, dimensions, squareness, thermal stability 
and gain is the product of unique quality controls 
that begin with the very selection of raw materials 
and extend through final testing. 


Write for complete data. Centricores are avail- 
able from stock from our East and West Coast 
plants in all standard sizes and magnetic qualities, 
and in both aluminum and phenolic cases. We will 
match them within 5 per cent over the entire 
voltage-current loop, in sets, units or in multiples 
up to twelve. Write for detailed specifications today. 


|Acneric 


Hayes Avenue at 21st Street, Camden 1, N.J. 

853 Production Place, Newport Beach, California 
transformer laminations + motor laminations « tape-wound cores 
powdered molybdenum permalloy cores « electromagnetic shields 


NIAGNETIC NIETALS CC na 
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General Instrument Silicon Rectifiers 


UP 10 25 AMPS... 
PIV’s—50v to 30,000v 


GI SILICON 
RECTIFIER TYPES 


WIDEST RANGE... 


e Whatever your requirement, there isa G& type that 
exceeds military and industrial spec’s e Top Hats e 
Xs” Medium Power Studs e Hi Power Diodes e Plastic 
e 5” Hex Hi Power Studs e '%s” Hex Hi Power Studs e 
Insulated Studs e All JAN Top Hats e Rectifier Stacks 
e Hi Voltage Cartridges e Custom Packages for Special 
Needs e New 25-Amp Stud Rectifiers 


2 m2 
Stacks 
from 
"50 to 
y 4,800 Piv** 


GENERAL TRANSISTOR 


TRANSISTORS, DIODES, RECTIFIERS 


FASTEST DELIVERY... 


e Immediately Available Off-The-Shelf e Realistically 
Priced e Contact General Instrument at the address 


below for the name of your local authorized stocking 
distributor. 





*Also available with Reverse Polarity 
** Available on request up to 480,000 PIV 


oo 
SEMICONDUCTOR 


DIVISION OF GENERAL INSTRUMENT CORPORATION 


65 Gouverneur Street, Newark 4, New Jersey 


IN CANADA: General Instrument Ltd., Semiconductor Division, P.0. Box 9, 151 Weber Street South, Waterloo, Ont., Canada. 
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When you specify BUSS and FUSETRON fuses 
you can be sure of safe, dependable, 
trouble-free protection for your equipment 

under all service conditions. 
Every BUSS and FUSETRON fuse is tested in 
a sensitive electronic device that automatically rejects 
any fuse not correctly calibrated, properly 
constructed and right in all physical dimensions. 
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Chances are you will find in the complete BUSS 
line the fuse and fuse mounting to fit your 
requirements — but if your protection problem is 
unusual, let our engineers work with you and 
save you engineering time. 

To get full data for your files, write for 
BUSS bulletin on small dimension fuses and 
fuseholders. Form SFB. 
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TEMPERATURE 
TRANSDUCER 


Small probe-type device for high 
and low temperature applications 
where high pressures and severe 
flow conditions are imposed. Pre- 
cise liquid or gaseous measure- 
ments to 800°F. Tiny sensing ele- 
ment of deposited platinum film 
allows high base resistance, ex- 
treme linearity, wide range cap- 
ability, and fast response. Ap- 
proved for ICBM environments. 
MICRODOT INC., 220 Pasadena Avenue, 
South Pasadena, California. 
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WELDABLE STRAIN 
GAGE 


Weldable-to-aluminum strain 
gage, less than 1-3/16” long by 
ly,” wide, is capable of continuous 
operation at 700°F. Precise, rug- 
ged device consists of etched wire 
filament in swaged stainless steel 
tube, mounted on a special alloy 
welding flange. Installation is 
fast and permanent with stored 
energy welding equipment—no 
complicated bonding or curing 
processes necessary. 
MICRODOT INC., 220 Pasadena Avenue, 
South Pasadena, California. 
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AIRBORNE DC 
AMPLIFIER 


Solid state, direct-coupled her- 
metically sealed instrument is less 
than 5 cu. in. in volume; weighs 
only 6 oz. DC gain is 200 to 1000 
+ 5 V into not less than 20K 
(single ended). 
MICRODOT INC., 220 Pasadena Avenue, 
South Pasadena, California. 
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VHF-UHF TRANSMITTERS 















































Proved in history’s most demanding environmental laboratory — outer space — the 
custom designed unit shown above is typical of the development skill and production 
capability available from Microdot. The unit shown in miniaturized, pressurized, and 
features a solid state power supply that cannot be damaged by input/output overloads. 
Units are available in a complete range of modulation — CW, FM, Phase, and Pulse, 
with frequency coverage 100 to 5000 mc/s and output from 100 mw to 10 watts. 


Telemetry Capabilities at Microdot have been dramatically expanded with the recent. 
acquisition of Spectralab Instrument Company. The highly regarded development 

skill, production. capability, and working experience of Spectralab in the field of 

VHF and UHF cavities and related instrumentation is available from Microdot’s 

Instrumentation Division. This equipment, outstanding in its attention to miniaturi- 

zation and ruggedness, is a vital part of such important projects as Pioneer V, Jupiter, 

Atlas, Pershing, Redstone and Echo I. 

UHF Telemetry Transmitters, Models 2406 and 2409, use a unique, automatically 

stabilized circuit, with the output frequency referenced directly to a quartz crystal, ; 
This approach allows a greatly reduced size compared to the multiplier chain con- 


ventionally required to achieve crystal stability, as well as increased reliability due 
to a fewer number of parts. 


The transmitters have their own solid state power supply designed to provide a high 
ratio of rf output power to total power input. The frequency modulation circuitry is 
sufficiently linear to introduce completely negligible distortion to the modulation 
signal. For further information, Call Microdot or write for catalog sheet TT-1. 


MICRODOT INC. 


MUrray 2-3351 \SY¥camore 9-9171 
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It’s the point where men will first rendezvous in 
space. It could be any point. The trick is getting 
two men there at the same moment when they’re 
traveling at orbital speeds or greater. 

Northrop is already working on many of the 
technical problems that are still to be solved be- 
fore the first men can meet in space... rendezvous 
trajectory analysis, for instance, and spacecraft 


maneuverability, navigation and propulsion. Ac- 
tive studies are under way in various phases of 
space medicine and human engineering for crew 
survival in space, and on in-space rescue, repair 
and refueling techniques. Important new ground 
has already been broken in the area of re-entry, 
recovery and landing systems for space vehicles. 
In short, Northrop is active in almost every phase 


electronics 








We’re pinning down the most important spot in space 


of space research. 

If you have the inquiring kind of mind that won't 
rest with easy answers, and welcomes new chal- 
lenges to grow on, there’s a spot for you at 
Northrop. You'll work in the invigorating company 
of like-minded scientists, engineers, and mathe- 
maticians on these and other advanced space 
research projects. 


April 7, 1961 


For full details about these opportunities and 
challenges, write Northrop Corporation, Box 1525, 
Beverly Hills, California, indicating your area of 
special interest. 


NORTHROP 


Northrop Corporation, Beverly Hills, California 
Divisions: Nortronics / Norair / Radioplane 
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Radiation’s TDMS anticipates circuit failure in 
telegraph and data transmission links without interrupting traffic 


Radiation’s Telegraph Distortion Monitoring System—TDMS—is a compact, 


self-contained unit for continuous on-line monitoring, testing and analysis of 


telegraph and data transmission links. 


Its sensitivity to signal distortion is so acute that it can locate and describe 
equipment misalignment before it becomes an operational problem. 

TDMS does its job without interrupting traffic and in a language that is easily 
interpreted by a nontechnical operator. Thus, in our illustration above, a line 


that is becoming increasingly capacitative can be located and rectified prior ‘OMS performs all of these on-line functions: 


1. Distortion transmitter; 2. Test message trans- 
to circuit failure. mitter; 3 Distortion analyzer; and 4. Linear 
wave-form analyzer. 


For detailed information on the TDMS, write Dept. EL-4, Products Divi- 


Among available accessories are utility cart 
(shown above), portable power supply, and 
relay-test adapter. 


sion, Radiation Inc., Melbourne, Florida. Refer to Bulletin RAD-E-100B. 


ry 


| = @& RADIATION 


INCORPORATED 
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Here is distinctive 


Service in Stampings 


«+. provided by specialists, using 
toolings and techniques largely un- 
known to ordinary stampings shops. 


ELECTRONIC CHASSIS @ BENCH ASSEMBLIES e METALLIC GASKETS @ LOCK WASHERS e SPACERS e SIDE PLATES 
BRAZED ASSEMBLIES @ SPECIAL REELS e TAB WASHERS e MS CLAMPS e SHIMS e ROCKER ARMS e CONVERSIONS 











“ONE 
i | PLUS” 
METHOD 





No tooling needed 
when you order just 
a few pieces. Eco- 
nomical for proto- 
types or experiment. 


SHORT 
2% 
METHOD 





Perfect for “more 
than a few”, but 
less than production 
quantities. Tempo- 
rary tooling, simple 
dies and special 
presses keep costs 


PRODUCTION 
METHOD 


“WATCH 
DOG” 
SERVICE 





Applies only when 
quantity, tolerance, 
size and contour 
factors justify our 
standard production 
method and/or nom- 


All repeat orders 
ore screened and 
re-evaluated as to 
specs and quantity 
—then the Method 
best for you is used. 
A routine procedure 


inal die charges. —and the gain is 
yours. 


down. 






































. We’ve been perfecting this 


Service ....expanding 





advancing and improving 
on it year after year since 


1913. 

















That’s why it’s so 
unusual, so successful, so 
economical. 

Stampings Folder 
No. 4 tells the story; 
ask for it. Or just 


send your prints 





for quotes. 


You'll be pleased. 








‘Sy DIVISION 
THE LAMINATED SHIM COMPANY, INC. 


4604 UNION STREET, GLENBROOK, me 
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scientists and engineers in 
a unique leadership role 


Able minds are at work within Aerospace Corporation. The scientists 
and engineers of this leadership organization are the critical civilian link 
uniting government and the scientific-industrial team developing space 





systems and advanced ballistic missiles. In providing broad scientific and 
techni¢al leadership to every element of this team, they are engaged in 
a balanced program of activities spanning the spectrum from basic 
research and forward planning through general systems engineering to 
technical review, monitoring, and steering of hardware development by 
industry. Their singular role installs the men of Aerospace Corporation 
in a position to make real progress. They are privileged to view both the 
state of the art and system development in their totality. They are thus 
able to implement objectively, decisively, and with all due timeliness and 
economy, major advances in the national interest. Now more men of 


their caliber are needed: highly motivated scientists and engineers with 





demonstrated achievement, maturity, judgment, and discretion beyond 
the norm. Such men are urged to contact Aerospace Corporation, Room 
110, P.O. Box 95081, Los Angeles 45, California. 


Organized in the public interest and dedicated to providing objective leadership 
in the advancement and application of space science and 


technology for the United States Government. 


AEROSPACE CORPORATION 


ra *s . 
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MODEL r 


13 MOVES 
TO RELIABLE 
TRIMMING 


Printed circuit pins, top adjust 


MODEL 80 


SPECTROL’S FULL LINE of trimming potentiometers 

features 10 of the smallest square trimmers ever made, 

plus the only transistor-size units for solid state circuitry. 

This selection covers almost every conceivable 

application—a sure way to avoid checkmate when MODEL 80 
you need reliable trimmers. 


Transistor size case 


SQUARE TRIMMER DATA. Models 50 and 60 

measure 44” and 12” square respectively @ humidity 

proofing a standard feature @ available in resistances {] 

to 100K @ greater surface contact between mandrel and 

aluminum case for better heat dissipation, no external “— > poe 

heat sinks needed @ dual wiper for positive contact , 

under all conditions of shock and vibration. MODEL 50 
SINGLE TURN TRIMMER DATA. Model 80 built 

into TO-9 transistor type case @ measures less than 14” 
in diameter, weighs 1 gram—smallest trimmer on the 
market @ completely sealed against moisture and 
humidity @ resistance element twice as long as ordinary 
trimmers @ designed for complete package encapsulation 
with other printed circuit components @ available in 

3 case styles with resistance range to 20K. 


Bushing panel mount 


MODEL 50 
IMMEDIATE DELIVERY. Your nearby Spectrol 
distributor stocks standard models of trimmers and 
miniature potentiometers as well as other standard Spectrol 
precision potentiometers and turns indicating dials. 
Prices are $6 to $8 in quantities of 1-9 for 
most styles and resistances, : 

Printed circuit pins, top adjust 

MORE DATA AVAILABLE. Contact your Spectrol 
engineering representative or drop us a line at the factory. 


MODEL 60 
Please address Dept. 42, 


ALL TRIMMERS SHOWN ACTUAL SIZE 


Printed circuit pins from base 


ELECTRONICS CORPORATION 


1704 South Del Mar Avenue « San Gabriel, California 
Phone: ATlantic 7-9761 


Adams Court « Plainview, L.1., New York 
Phone: WElls 8-4000 
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Milestones in Hngineering 


The Romans were great road builders. They recognized that 
merely laying a road from one point to another did not 
provide adequate access and travel to and from any but 
“in line” points. Thus, they evolved the “network” principle 
of road building, with crossings or interchanges, affording 


the traveler alternate routing to enable him to select the — 
The principle of many crossing points for routing 
flexibility, for multiple path selection, for traffic 
handling capacity, is basic to the North Electric Cross- 
bar Switch which provides 1200 switching points in a 
minimum of space—how many uses can you find for 
turies, into countless applications where there is a require- SUCH flexibility and capacity? 


‘ eaten : : . For detailed specifications on the North Electric 
ment for routing flexibility and traffic handling capacity. Crossbar Switch, write 


“path” that most adequately satisfied his need. 


The network principle has been engineered, over the cen- 


ELECTRONETICS DIVISION 


NORTH ELECTRIC COMPANY 


144 S. MARKET ST., GALION, OH/O 
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QUALITY CABLES AND CONNECTORS NOW PRODUCED 
AT NEW BENDIX SANTA ANA PLANT 


For users of electronic cables and connectors, Scintilla Division’s new plant in 
Santa Ana, Calif., is an important addition to West Coast industry. 

Here are the finest, most complete, environmentally-controlled, air-con- 
ditioned facilities in the area devoted exclusively to cable development and 
manufacture. For West Coast electrical connector users the Santa Ana plant 
with its complete facilities also offers “short-order” assembly service on the 
extensive line of Bendix connectors. 

The plant is designed to meet the standard and special-purpose require- 
ments of aircraft, missiles and ground-based electronic equipment. 

Sales and service for cables and connectors and all other Scintilla Division 
products will still be handled out of 117 E. Providencia Ave., Burbank, Calif. 
Bendix Connectors — Bendix Cables: Designed together to work best together 


Scintilla Division 


SIDNEY, NEW YORK 


Canadian Affiliate: Aviation Electric, Ltd., 200 Laurentien Bivd., Montreal 9, Quebec. Export Sales & Service: Bendix International, 205 E, 42nd St., New York 17, N. Y. 
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Low 
commercial 
pot 
price 


That’s how the ball bounces 
with Waters new PT 34 


Dust! Corrosion! Moisture! Vapors! All are foes of potentiometer reliability, yet ordinarily 
costly to keep out. Now, however, Waters introduces a new 34” plastic case pot, the PT %, 
meeting military sealed pot specs (MIL-R-19/1A), yet priced no higher than many com- 

mercial grade pots! ‘‘O”’ ring shaft seal and complete internal sealing 

virtually eliminate environmental problems. Resistance element is a 

copper mandrel wound with wire alloy which has a temperature 

coefficient of 20 PPM/°C. Resistance range 10 to 20,000 ohms +5%. 

Dissipates 1.5 watts at 40°C. Available with split or plain bushings. 

” Write for Bulletin PT 760. 


WATERS MANUFACTURING, INC. - WAYLAND - MASS. 


POTENTIOMETERS + COIL FORMS + POT HOOK® PANEL MOUNTS + TORQUE WATCH® GAUGES + TORQUE CALIBRATORS + OSCILLOSCOPES 
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INQUIRY 


Please indicate your fields of experience below. 

















PLEASE SEND CONVAIR/POMONA ENGINEERING DEPARTMENT BROCHURE 


ELECTRONICS 
APPLIED MATH- 
Primary Field of Interest 


PHYSICS___. 
DYNAMICS_— 
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Marine Corps an effective means of combatting Pomon 
low-flying enemy aircraft. educat 


REDEYE is one of several unique and advanced comple 





BS MS PhD DATE (s): 








CONVAIR / POMONA (QJ si 





Highest Degree 





the professional staff at Convair-Pomona to make a preliminary evaluation of your background. 
Mathematics 


A personal interview can be arranged in your city by appointment. 


This card may be folded and sealed or stapled and mailed in complete confidence. 
required. Every completed inquiry will be acknowledged. 


PERSONAL INFORMATION (PLEASE PRINT) 


STREET ADDRESS 
CITY & STATE 
EDUCATION 


School 











REDEYE 


...a NEW concept in antiaircraft philosophy, 


being developed expressly for infantrymen 


CONVAIR/POMONA is the developer of RED- 
EYE, a one-man, shoulder-launched guided missile 

.a new lightweight weapon that will strike 
swiftly with pin-point accuracy . .. a weapon that 
will ensure our ground forces of the Army and 
Marine Corps an effective means of combatting 
low-flying enemy aircraft. 


REDEYE is one of several unique and advanced 
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weapon systems being developed at Convair/Po- 
mona. If you have a sincere desire to be a part of 
this and other important programs, and possess 
proven capabilities in research, development and 
production design . . . if you would enjoy living in 
Pomona Valley, one of Southern California’s finest 
educational, cultural and recreational centers, then 


complete the attached inquiry. 
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1 HOUR'S DRIVE 


LYWOOD 
California’s all seasons playground. 


POMONA —the center of Southern 
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MAULER 


...a NEW highly mobile battlefield air defense 


missile system for the United States Army 


The distinctively new MAULER weapon system 
is another guided missile milestone for Convair/ 
Pomona... another outstanding example of the 
creative capabilities of its Engineers and Scien- 
tists. Extremely compact and mobile, MAULER 
is capable of destroying short-range ballistic mis- 
siles, rockets and low-flying aircraft. 

As weapon system manager, Convair/Pomona is 


the prime developer of this battlefield air defense 


CONVAIR / POMONA 


arsenal for the United States Army. MAULER 
and other advanced weapon systems have created 
an urgent need for additional Engineers and 
Scientists of outstanding talent... professional 
men who would like to participate in challenging 
programs while their families share the fine edu- 
cational, cultural and recreational attractions of 


Southern California living. 
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Semiconductors for Radio and TV 


Germanium PNP Alloy Type Transistor 2SA92 For Local Oscillator Service (18Mc) 
2SA49 Intermediate Frequency Amplification (455Kc) 2SA93_ For Mixer Service (12Mc) 
2SA52 Converter Service (1.5Mc 2SA76 For High Frequency Amplification (VHF*FM 
2SA53 Intermediate Frequency Amplification (455Ke 2SA77 For High Frequency Amplification (VHFeFM) 
25B26 Audio Frequency Power Amplification 2SA175 For High Frequency Amplification (22.5Mc) 
2S$B54 Audio Frequency Amplification 2SA236 For Intermediate Frequency Amplification (455Kc) 
25B56 Audio Frequency Power Amplification 2SA237 For Intermediate Frequency Amplification (455Kc) 
2SB189 For Audio Frequency Power Amplification 

F P lificat 
288008 for Aodio Peeqeency Power Amplitestion 25299 For Mixer & Local Oscillator Service (TV Tuner) 

! 
ss we ” setts 2SA230 For High Frequency Amplification (TV Tuner 
2SA239 For Converter Service (VHF*FM) 

PNP 


Drift Type, Transistor 2SA240 For High Frequency Amplification (VHF-FM) 
2SA57__—s- For_ High Frequency Amplification (18Mc) 


2SA58 For High Frequency Amplification (12Mc) Germanium Point Contact Diode 

2SA60 For Converter Service (12Mc) IN6C For AM/FM Radio & Video Detector Service 
2SA72 For High Frequency Amplification (1.5Mc) 1$50 For AM/FM Radio Detector Service (Single End) 
2SA73 For Converter Service (1.5Mc) 1834 For General Service 


Germanium PNP Mesa Type Transistor 





Germanium 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


2, Ginza Nishi 5-chome, Chuo-ku, Tokyo, Japan 
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DOING — New space communications concepts 


Consider a career at PHILCO Western Devel- 
opment Laboratories, on the San Francisco 
Peninsula. New concepts of communications 
with lunar reaches and beyond can be your 
ear Here you: devise and “do”, unencum- 
pered by dogma or dialectics. Constantly 
expanding programs and new research assign- 
ments assure you personal recognition and 
advancement. 

PHILCO Western Development Laboratories 
pioneers in all phases of space communica- 
tions, with important and growing projects that 


include satellite instrumentation, range design 
and operation, missile tracking, data handling 
and control equipment. 

Your family will enjoy Northern California. 
You ski, swim and sail in season, or just bask, 
with both the opportunity and wherewithal 
to enjoy your favorite diversions. PHILCO 
Western Development Laboratories is indeed a 
fortunate conjuncture of challenging work and 
affluent living. For information on opportuni- 
ties in electronic engineering, for men with 
degrees from B.S. to Ph.D., please write Mr. 
W. E. Daly, Dept. E-4. 


PHILCO WESTERN DEVELOPMENT LABORATORIES 
3875 Fabian Way, Palo Alto, California 
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DOUBLE USE 
MIL-R-94B Style V6. V2” Dia. | 
%, Watt VARIABLE RESISTOR 


® UNIQUE CARBON-CERAMIC ELEMENT 
Helps 1 Control Do 2 Jobs: 


Surpass MIL-R-94B Style RV6 stability under military environmental conditions including moisture resistance 
and thermal cycling. 


Provide full % watt power rating @ 70°C with derating to zero at 150°C on most values (25% to 50% better than 
MIL-R-94B Style RV6) for higher load and temperature applications. Result of efficient ceramic-to-metal 
heat sink. 


Other Features: 

e High insulation resistance. e For better continuity and reliability, resistance ele- 

e Internal hi temp 0 ring seal between shaft and ment has double contactor paddles with adequate 
bushing. spring range. 


SERIES 300. 
Actual Size 















Specifications 
Resistance Range: 250 ohms thru 2.5 megohms. Tolerances +20% or +10%. 
Wattage & Temp. Rating: y/an sc: \ 6 ar-\ a A) a Oume (-1e- 10-10 Mn Comma lowe (oy- Lo Mt-| am bolt a ©@N G0 GR Coll/4010) GE late Mt 20 OMe) ME'T-lINI-S-MNol'1-11 


250K) with 350 VDC max. safe operating voltage across end terminals. (Compares 
to % watt and 120°C in MIL-R-94B). 


Stability: Exceeds MIL-R-94B, Characteristic Y. 

Rotation Angle: 295° + 3°. 

Shaft Dia.: .125" i+ 001”. 

Shaft Length: Variable in 4%” increments. 

Shaft Trim: Available with MIL-R-94B, style RV6 standard .031” + .005” wide x .031” + .010 .000 
screwdriver slot. Flats also available. 

Standard Mounting Bushings: MIL-R-94B style RV6 standard \% SYA) i al ee 20m) my Amn (olale Malolats(olel tiale moll ivaliale) 
and 4% 32 N.E.F. —2A by %” long locking bushing. 

Other Mounting Bushings: ¥,” —32 N.E.F. —2A by %” long locking and non-locking bushing. 


Special Construction: Waterseal bearing. 





Immediate delivery on standard types from distributors’ stocks. 


CTS manufactures a complete line of composition and wirewound variable resistors for military, industrial 


and commercial applications. CTS Specialists will gladly help solve your variable resistor problems. Contact 
® a your nearest CTS office today. 
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SILICONE NEWS from Dow Corning 


en Going Is R 





For Environmental Engineering... 
Select Silicone-Glass Laminates 


LOX cold ... high Mach heat . . . ozone ... launching and 


sonic shock — more and more environmental challenges are being met by 
Dow Corning Silicones. 


- corona.. 


Take glass laminates bonded with Dow Corning silicone resins, as 
examples. Silicone glass laminates have good mechanical strength, low 
loss factor, low moisture absorption, excellent resistance to arcing, corona, 
What’s even more 
important, they retain these properties despite elevated temperatures, 
storage, environmental aging, rapidly changing ambients, vibration and 
shock. Heat resistance of silicone-glass laminates is exceptional . . 


corrosive atmospheres, fungus and contaminants. 


. up to 
. much higher for short time periods. 
Lastly, silicone-glass laminates, even in thin sections, have fine machin- 
ability and resist creep under pressure of terminal fasteners. 


PAL AOL ORT RONNE 


250 C continuous for years . . 


Lear, Inc., Grand Rapids, Michigan mounts 
the mica capacitors of their Model 2013] 
Stable Platform on this formed silicone- 
glass laminate terminal board. Lear 
engineers chose glass laminates after an 
intermediate material had _ been tried. 
Tolerance requirements, plus assembler 
variations, dictated a material that could 
be formed . . . would withstand soldering 
temperatures would hold its form 
despite environmental extremes. Environ- 
mental conditions are: —40 to 160 F; 
shocks of 30 G’s for about 11 milliseconds 
each; complex wave vibration for 20 min- 
utes in each plane as follows — 30-100 cps: 
0.46 g*/cps and 100-2000 cps: 0.015 g*/cps. 


Silicone-glass laminates made with Dow 
Corning resins are available from leading 
laminators. Write for a list. 





For 12-page manual 
“Silicones for the Electronic Engineer” 


Write Dept. 3516 


Dow Corning 
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...opecify Silicones 


Flexible from -100 to 300F 


Silastic®, the Dow Corning silicone rubber, is specified 
by Airtron, a division of Litton Industries, for the jacket of 
their silver-plated brass, and all-aluminum flexible wave- 
guide designed to resist operating temperatures from — 100 
to 300 F. With its Silastic jacket, Airtron’s Flexaguide is 
particularly suited for applications in the missile field 
where environmental operating conditions are severe. In 
addition, the jacket supports the waveguide during flexure, 
insures airtightness for pressurized applications. Silastic 
resists a long list of environments including: cold, heat, 
ozone, oxygen, voltage stress, thermal cycling, corona, 
corrosive atmospheres, and weathering. 


Rigid, Void-Free Protection 


This induction heating coil is used to keep metal molten. 
Metal splatter caused frequent insulation and coil failure 
until the decision was made to encapsulate the unit in 
Dow Corning solventless silicone resin. The resin — with 
zirconium orthosilicate filler — forms a tough, rigid armor 
that withstands temperatures as high as 300 C indefinitely 
... much higher for short time periods. With no solvents to 
evaporate, the resin cures without voids. Note the excellent 
fill between plates of an encapsulated test capacitor. 
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For Rapid Heat Dissipation 


Dow Corning silicone fluids are used as dielectric coolants 
for rapid heat dissipation because of their thermal stability 
and relatively flat viscosity-temperature curves. They can 
be pumped at high speeds without breakdown due to 
shear; maintain consistency from —65 to 250 C; and they 
will not oxidize or act as corrosives to metals even at high 
temperature. For these reasons and because of low vapor 
pressure, Sierra Electronics, Menlo Park, California speci- 
fies Dow Corning 200 Fluid as the heat transfer medium in 
their 100 and 500 watt, 60 ohm coaxial RF loads. 


¢€ 
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CORPORATION MIDLAND, MICHIGAN 


branches: arianra Boston cHicaco 


CLEVELAND 


PALL 


as 


LOS ANGELES 


NEW YORK 


WASHINGTON. D.C 





If you live in the 
EAST or MIDWEST 
write or phone 

the LITTON 


Research & Engineering 


FIELD 
ENGINEER 


We have assignments in 
the U.S. and overseas that 
carry with them away-from- 
home incentives, if you can 
combine customer liaison 
with imaginative diagnosis 
and maintenance of pro- 


Staff Representative 





nearest you: 





Mr. Harry Laur, 

221 Crescent Street, 
Waltham, Mass. 
TWinbrook 9-2200. 


duction inertial guidance 
and digital computer sys- 


tems. Write today to Mr. 


hl Mr. Garrett Sanderson, 
375 Park Ave., 
New York City, New York. 


PLaza 3-6060. 

Mr. Robert L. Baker, 

360 No. Michigan Ave., 
Chicago, Ill. ANdover 3-3131 





LITTON SYSTEMS, INC. Guidance & Control Systems Division 
Beverly Hills, California 

















in Stainless Steel and Nylon 


Cap, terminal castle, jam, sleeve, spanner, weld, 
shear, knurled, lug, stand-off, and many others, 
made to your specifications from 1/16” to 6” dia. 
Meet military and commercial standards, ASTM, 
AMS, AISI. 

We also have, for immediate shipment, the coun- 
try’s largest stock of standard fasteners. 

Our equipment includes cold headers, hot forgers, 
screw machines; and with 30 stainless steel analyses 
and 10 plastic formulations in stock, we can assure 
quick delivery. 

Make use of our 34 years of experience; send your 
specifications for quotation, or write for full in- 
formation. 


ANTI-CORROSIVE Metat Propucts Co., INC. | 


Office & Factory: Castieton-on-Hudson 16 New York 
Mailing Address: P. O. Box 1894 J,Albony 1, N.Y. Phone: PErshing 2-7711 
(direct line from New York City) JUdson 2.7370 Teletype: Castleton 353 





fl) MODEL TK-20A 


1@)0) itn oe MODEL TK 
MODEL VTVM-500 


KYORITSU ELECTRICAL INST. WORKS, LTD. 


No. 120, Nakane-cho, Meguro-ku, Tokyo, Japan 
Cable Address: “KYORITSUKEIKI TOKYO” 
Tel: (717) 0131~5 


West Coast Warehouse: 2922 Eost Olympic Bivd., Los Angeles 23, Calif. 
Telephone: ANgelus 8-5131—Teletype: Los Angeles 212 
(CS) Til ES 2S Se OCT ES 
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Another NARDA exclusive ! 


DIGITAL 
Direct- 
Reading 
Frequency 
Meters 


No interpolations needed! 


New — and only from Narda! Microwave frequency meters you can 
read at a glance! The digital counter permits even the least-experi- 
enced to get rapid, precise readings without interpolations, charts or 
curves. And, because the tuning rate is linear with frequency, the 
new meters are readily adaptable for remote indication. May be panel- 
mounted, too, if you have a system application. 


Best of all, you get these features with no sacrifice of quality or accu- 
racy (0.1% or better): The high-Q cavities are precision-bored; the cast 
housing is extremely rugged; the mechanism is carefully and accu- 
rately constructed. Electrically, the unit is equivalent to a straight 
section of waveguide when detuned. Dip at resonance is at least 10%, 
Complete specifications are shown at right. 


This is just one of many precision Narda microwave products. For 
a free copy of our complete catalog, write to: Dept. E-12. 


@=» .. narda 


118-160 HERRICKS ROAD, MINEOLA, L. |., N. Y. + PIONEER 6-4650 
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SPECIFICATIONS 








Frequency 
(KMC) 


8.20-12.4 


12.4-18.0 


18.0-26 


§ 





Waveguide 
(in.) 


1x% 


702 x .391 


Yo x Y% 





Accuracy 


0.08% 


0.1% 


0.1% 





Loaded 
Q 


7000 


4000 





Length 
(in.) 


4 


4 





NARDA 
Model 
Number 


840 


838 





Price 
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in recorder efficiency 


With twice the performance, the Ampex FR-600 is still compatible with earlier equipment. 


Doubles tape utilization and obviates standby equipment 

Your FR-600 records 125 ke data at 30 ips instead of 60 — 
gives twice the recording time per reel. For example, you get 
48 minutes recording time on 10%-inch reels, 96 minutes 
on 14-inch at 30 ips. Not only are tape expenditures cut in 
half, but standby recorders on long sessions may no longer 
be needed. And for a broader data spectrum in the future, 


your FR-600 can accommodate 250 ke at 60 ips or 500 ke 
at 120 ips. 


Multiplies available recording time and eliminates error 
[Two-hour warmup and adjust sessions are reduced to ten 
minutes by the FR-600’s transistorized circuitry. Final cali- 
bration is a One-time-per-use operation. Post-warmup sta- 
bility — less than 1% drift per 24 hours — precludes time- 
wasting adjustments and minimizes creeping inaccuracies. 
Because your FR-600 is ready when needed, it works more 
hours per day, saving both your time and its own. 


For detailed information on the complete Ampex line of data recorders, write: 


INSTRUMENTATION PRODUCTS COMPANY 
Box 5000, Redwood City, California 


AMPEX 


Updates performance of older equipment 

The FR-600 plays back tapes from most existing data re- 
corders. And because playback heads generally determine 
overall frequency response, use of an FR-600 for playback 
can permit earlier equipment (with simple adjustment) to 
record the same high information density as your FR-600. 


The essential data 


The Model: FR-600 Laboratory Recorder/Reproducer. Num- 
ber of tracks: up to 14. Reel sizes and tape widths: 10%- or 
14-inch NAB, with %-inch or l-inch tape, interchangeably. 
Frequency response: 300 to 250,000 cps + 3 db at 60 ips with 
direct recordings; 0 to 20,000 cps + 0.25 db at 60 ips in FM- 
carrier recording — proportionate response at other speeds. 
Tape speeds: 60, 30, 15, 7% ips; 120, 334, 1% ips optional. 
Types of recording: direct, PDM and FM-carrier, by plug-in 
modules. Compatibility: yes, with Ampex 300 and 800 series; 
FR-100 and FR-1100 series, and AR-200 and CP-100 series. 





Experienced engineers eager to contribute to Ampex’s pioneering reputation are invited to write the Manager, Technical Recruiting. 








‘The Avnet System 


creates a new Concept of Inventory Balance 


“Carrying” a line of products can mean almost anything. At Avnet, the meaning is specific. 
[1] The inventory must be sizeable enough to satisfy the immediate daily demands from thousands 
of buyers. [2) The inventory must be varied in types, sizes, functions. [3) It must be futurized for 
your needs next month, next season. [4) This total inventory of a line must be multiplied by 8 for 
Avnet’s 8 Stocking Facilities. [5 Then it must be added, subtracted, divided and multiplied by 
the 15 major lines that Avnet “carries”. This requires delicate balancing, checks and counter- 
checks, hourly tabulations and inter-facility reports and shipments to make absolutely sure that a 
single requirement (perhaps yours) for one certain component out of millions will be delivered on 
a phone call’s notice. 


This new Concept of Inventory Balance is one of many advantages in The Avnet System. Avnet 
maintains a network of Sales Engineers traveling the U.S. Each field man has his counterpart 
in a Service Center Expediter. Avnet maintains and operates complete assembly facilities for 
Connector Prototype and emergency requirements. To balance out YOUR electronic require- 
ments, contact your nearest Service Center in The Avnet System. 


THE AVNET SYSTEM 
AMV Ni ee T Men / Methods / Materiais / Management 
AVNET ELECTRONICS CORP. 


Avnet Service Centers and Stocking Facilities: Los Angeles, Cal. + Sunnyvale, Cal. + Seattle, Wash. + Salt Lake City, Utah + Chicago, Ill. + Dayton, Ohio « Westbury, L. 7. « Burlington, Mass. 


Avnet distributes from its stocking facilities: BENDIX SCINTILLA CONNECTORS, SPERRY SEMICONDUCTORS, GREMAR CONNECTORS, RHEEM SEMICONDUCTORS. 
ELECTROSNAP & HETHERINGTON SWITCHES, CLARE RELAYS, ROBERTSON SPLICE & CONNECTOR CASES, BABCOCK RELAYS, KING SUBMINIATURE Hi-TEMP 
CERAMIC CAPACITORS, TIC PRECISION TRIMMERS, U.S. SEMCOR SEMICONDUCTORS, SANGAMO CAPACITORS, MICRODOT CONNECTORS. SPRAGUE CAPACITORS 
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inter-industry 


CONFERENCE ON 
ORGANIC 
SEMICONDUCTORS 


co-sponsored by Armour Research Foundation 


of Ilinors Institute of Technolog y 


and electronics , d McGraw-Hill publication 


April 18 and 19, 1961, Tuesday and Wednesday 


the Terrace Casino, Morrison Hotel, Chicago 


Technical sessions on the present state and future potential of organic 
semiconductors in the electronics, chemical, and semiconductor industries. 
Co-Chairmen: James J. Brophy 
Physics Research Division, Armour Research Foundation 
and William W. MacDonald, Editor of electronics, a McGraw-Hill Publication 


o 
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TUESDAY, APRIL 18, 1961 
8:30-10:00 A.M. 
Registration, Terrace Casino, Morrison Hotel 


10:00 A.M. 
SESSION I. ANTHRACENE 
Session Chairman: James J. Brophy 
‘estan be oP ARGE CARRIER MOBILITY AND 
ro _ IN ANTHRACENE CREAT AN 
Central arch Depurtment, 
E. 1. duPont de Nemours and Company, 
Wilmington, Delaware 


Invited — ELEVUTRONIC TRANSPORT IN 
ANTHRACENE AND OTHER OKGANIC SYSTEMS 
Oliver H. LeBlanc, Jr., 
General Electric Research Laboratory, 
Schenectady, New York 


12:00 
CONFERENCE LUNCHEON 
Constitution Room, Morrison Hotel 
W. W. MacDonald, ‘Toastmaster 


Speaker: 
J. E Bouriand, General Manager, 
Central Research Laboratory, 
American Cyanamid Company, 
New York, New York 
“A Management Appraisal 
of Organic Semiconductors” 


2:00 BM. 
SESSION II. POLYMERS 


Session Chairman: Donald J. Berets 
Invited Paper —SEMICONDUCTION IN POLYMERS 
Herbert A. Pohl, 
Plastics Laboratory, 
Princeton University, 
Princeton, New Jersey 


ELECTRICAL PROPERTIES OF PYROLYTIC GRAPHITES 
Claude A. Klein, 
Research Division, 
Raytheon Company, 
Waltham, Massachusetts 


ELECTRICAL CONDUCTIVITY IN PYROLIZED 
POLYACRYLONITRILE 
W. D. Brennan and J. J. Brophy, 
Physics Division, 
Armour Research Foundation, 
Chicago, Illinois 
and 
H. Schonhorn, 
Stamford Laboratories, 
Central Research Division, 
American Cyanamid Company, 
Stamford, Connecticut 


STUDIES ON SOME SEMICONDUCTING POLYMERS 
H. A, Pohl, J. Bornmann, and W. Itch, 
Plastics Laboratory, 
Princeton University, 
Princeton, New Jersey 


THERMAL CONDUCTIVITY OF MOLECULAR CRYSTALS 
R.W. 
Research Center, 
International Business Machines Corperegees 
Poughkeepsie, New York 


WEDNESDAY, APRIL 19, 1961 
:00 A.M. 
SESSION Hl. SIMPLE MOLECULES 
Session Chairman: William D. Brennan 
poy g oy -- GENERATION OF FREE 
CAR AND ELECTRODE EFFECTS 
Marvin Silver, 
U.S. Army Research Office, 
Durham, North Carolina 


ELECTRONIC PROPERTIES OF ORGANIC COMPOUNDS. 
I. HETEROCYCLIC COMPOUNDS 
tand G. P Brown, 


Schenectady, New 


ELECTRONIC PROPERTIES OF ORGANIC COMPOUNDS. 
ll. THEORETICAL CONSIDERATIONS ON THE EFFECT 
OF bythe 387 


PHOTOCONDUCTIVITY AND INTERMOLECULAR 
INTERACTION IN NON-IONIC AROMATIC CRYSTALS 
M. Y. Kleinerman and S. P McGlynn, 
Coates Chemical Laboratories, 
Louisiana State University, 
Baton Rouge, Louisiana 


AN OPEN SHELL SELF-CONSISTENT FIELD METHOD 
FOR AROMATIC AND OLEFINIC ORGANIC MOLECULES 
O. W. Adams, 
Chemistry Division, 
Armour Research Foundation, 
Chicago, Illinois 


12:00 


CONFERENCE LUNCHEON 
Constitution Room, Morrison Hotel 
James J. Brophy, Toastmaster 

Ss 


er: 
W. O. Baker, Vice-President—Research, 
Bell Telephone Laboratories, 
Murray Hill, New Jersey 
“Implications of Organic Semiconductors 
for Industrial Science” 


2:00 RM, 


SESSION IV. CHARGE-TRANSFER COMPLEXES 
Sess.on Chairman: John W. Buttrey 
Invited Paper— ELECTRONIC CONDUCTION IN 

MOLECULAR COMPLEXES 

Jan Kommandeur, 

Parma Research Laboratory, 

Ujaion Carbide Corporation 

Piirma, Ohio 


ELECTRONIC CONDUCTION AND EXCHANGE 
INTERACTION IN A NEW CLASS OF CONDUCTIVE 
ORGANIC SOLIDS 

R, G. Kepler, P E. Bierstedt and R. E. Merrifield, 

Central Research Department, 

E, I. duPont de Nemours and Company, 

Wilmington, Delaware 


OBSERVATIONS ON THE PARAMAGNETISM OF 
SOME ORGANIC SEMICONDUCTORS 

Charles M. Hu 

General Elect Research Laboratory, 

Schenectady, New York 


A COMPARISON OF MEASUREMENTS PERFORMED 

ON SINGLE CRYSTAL AND COMPRESSED 

MICROCRYSTALLINE CHARGE-TRANSFER COMPLEXES 
M, Labes, and P. L. Kronick, 


_ eel 


Invited Paper— PRESENT STATE OF 
ORGAN “se SEMICONDUCTORS 


oedle ateeeiliy of New York, 
Long Island Center, 
Oy ter Bay, L. 1, New York | 
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* Because Budelman equipment performs better, 
costs less to buy and maintain. 
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DESPATCH tube FURNACE 


WITH NEW 
THERMIONIK 
POWER 
SYSTEM 


This versatile new tube furnace 
offers two outstanding advan- 
tages—the Thermionik power 
system, and a greatly reduced 
heat dissipation. 

The Thermionik power sys- 
tem is the first and only to use 
thyratrons to pulse power to 
heaters. It allows great savings 
in cost, space and weight, and 
temperature control accuracy 
is limited only by the accuracy 
of the sensing control system 
selected. 

Heat dissipation is kept to 
a minimum because body is 
made of castable refractory 
with highest insulating qualities. 

Automatic or manual con- 
trol. Muffle type and special 
models available. 


Model SC-32 

Temperatures to 2600° F, 

7 KW,120/1/60 VAC 
Ceramic Tube 2/2” O.D.x36” 


For additional information, write today tor free bulletin 206-5H3 
= a 2] fh] 
t i 2 A LS Ks } 
Qs ‘5 4 
Burn-off Sterilizers Drawer 
Laboratory ovens pit 4 ovens ©1960 
Pot-type | Box i “IK 
furnaces °* | furnaces | ‘4 Walk-in batch ovens 
oo OVEN CO. 619 S.E. ee St., Minneapolis 14, Minn. 
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NOT 
HOURS 


9 SECOND 


‘MAINTENANCE TIME 


in the NEWLY MINIATURIZED 


REMOVABLE WAFER 
ROTARY SWITCH 


No soldering or disassembling. 
No wire removing. 


® Any wafer lifts out instantly 
for immediate cleaning or 
replacement. 


Up to 18 XXXP or epoxy rhodium plated 
flushed wafers are available in a 10-position single pole configura- 
tion. Series RS-15 can be supplied to meet MIL-3786 or for com- 
mercial applications. Operation is manual, motor or solenoid. 
Mfd. under Tabet U. S. Patent No. 2,841,660. Other U. S. and foreign 
patents pending. Request full details today. IMMEDIATE DELIVERY. 


CHICAGO DYNAMIC INDUSTRIES, 
PRECISION PRODUCTS DIVISION 


1725 Diversey Bivd., Chicago 14, Iilinoi: 
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production 


management 


it’s 
read more 
by all 4! 


Get the technical facts in electronics, the magazine that 
features the latest engineering developments and techni- 
cally interprets markets, business statistics, trends. Special 
issues on Electronic Markets and other reports you’ll want 
to file and keep. Mail the reader service card (postpaid) 
and start your own subscription to electronics, the magazine 
that helps you to know and therefore to grow! Rates: three 
years for $12, one year for $6; Canadian, one year for $10; 
foreign, one year for $20. Annual electronics BUYERS’ GUIDE 
(single issue price $3) included with every subscription. 


subscribe today to @lectronics 


electronics 





April 


We promise you a reply by telephone or wire within 48 hours after receipt of your inquiry! 


> 


new openings 
In space age 
(ep neyen com eyne) eek 


Hughes Aerospace Engineering Division offers experi- 


enced graduate engineers and physicists a choice from nearly 


100 openings on Hughes projects which include 

Digital Computer for Poiaris Guidance 

Infrared Applications for ICBM Surveillance 

Space Ferry 

Satellite Communications 

Pulsed Doppler Radar for Anti-Submarine Warfare 

Advanced Ajir-To-Air Missiles 

Automatic Check-Out Equipment 

Space Radiation Measurement and Detection 
Training and experience should be applicable to the research, 
development, design and testing of advanced electronic 
equipment for use in space vehicles and supersonic military 
aircraft; in solid state physics, nuclear electronics, industrial 
dynamics, and related areas. 


ADDRESS__ 


COLLEGE 


Use of the following form will, we hope, reduce to a minimum 
the inconvenience of submitting an employment inquiry, yet 
will still permit us to give/you a reasonably definitive reply. 
Please airmail resume to: 

Mr. Robert A. Martin, Supervisor, Scientific Employment 
HUGHES AEROSPACE ENGINEERING DIVISION 
Culver City, California 


eB ORCE SE 


Saeed: 


AEROSPACE ENGINEERING DIVISION 


DEGREE 


1 am interested in one of the following types of assignments: 


e RESEARCH [| 


L 


PROTOTYPE DESIGN 
ADVANCED 


[] DEVELOPMENT 


TECHNICAL PLANNING 


[] SYSTEMS ANALYSIS 


[] SYSTEMS DESIGN 


| have had professional experience in the following specific areas: 


CIRCUIT ANALYSIS 
AND DESIGN 


a 
LI 
LI 
L 


I have had a total of __—=>SEE 


STRESS ANALYSIS 


INDUSTRIAL 


DIGITAL COMPUTERS DYNAMICS 


GUIDANCE DEVICES INFRARED 


MICROWAVES SYSTEMS ANALYSIS 


years experience. 


7, 1961 


ELECTRO-MECHANICAL 
s R-F CIRCUITS oe 
[ ] RELIABILITY 
C1 INERTIAL GUIDANCE 


[] INSTRUMENTATION 





THESE. 
SPLICES | 

” HAVE 
THER 

~ SPACE 


Splices in aircraft and missile circuitry must be dressed 
to weather the most withering kinds of high-altitude 
temperatures, moisture, vibration, shock, corona. AMP 
INCORPORATED splices are dressed for it, no matter 
what the environmental threat. High-altitude heat? 
AMP's STRATO-THERM (A) line of splices are designed 
to keep circuits intact at continuous temperatures to 
1200°F. The post-insulated Strato-Therm splice (illus- 
trated) has a Teflon* outer sleeve and silver-plated 
electrolytic copper inner sleeve, plus metal crimping 
rings, for full circumferential protection to solid, 
stranded or combination conductors. Splices available 
in materials to resist effects of high energy fuels com- 
pounded with Hydrazine and for connecting Chromaloy 
and Alumel cables. AMP’s positive compression crimp 
insures electrical soundness. The insulated Strato- 
Therm splice is ideal for temperatures up to 550°F. 


What about moisture breathing? The CERTI-SEAL (B) 
splice molds an all-nylon sleeve over the conductors, 
then compression-crimps tin-plated copper rings over 
the nylon, for positive moisture-proofing of more than 
100 different insulation diameters. Protection for large 
wire sizes? The AMPLI-NYL (C) splice gives total nylon 
insulation to spliced wire in sizes #8-1/0 AWG; it will 
accommodate single-to-single, single-to-multiple, and 
multiple-to-multiple wire combinations. An airworthy 
splice for shielded wire? The TERMA-SHIELD (D) splice, 
for single or multiple connectors, is post-insulated with 
either nylon or Teflon. Conductors and shield braids are 
each crimped permanently and positively together, with 
insulation separating each conducting member. AMP 
is splice-conscious. It will pay you to consult with AMP 
where reliable space-age circuitry is the goal. Send for 
specific information on these AMP splices. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia * Canada e England » France « Holland e Italy « Japan # Mexico « West Germany’ 


*Du Pont Trademark 
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Use of microwave 
interferometer systems to 
determine electron 
density and distribution 
in low-temperature, 
magnetically contained 


plasmas is explained 


Physicist performs experiment on P-4 steady-state plasma facility 


Determining Electron Density 


And Distribution in Plasmas 


Yer . \4 

>y HARLIN L. 
Lawrence Radiation Laboratory, 
University of California, 
Livermore, California 


BUNN, 


PARAMETERS to be measured in a 
controlled thermonuclear reaction 
include the density and tempera- 
ture of the charged particles in the 
plasma. Methods have been devel- 
oped at Lawrence Radiation Lab- 
oratory for determining plasma 
electron density and density distri- 
bution with microwave interferom- 
eter systems. This article describes 
such techniques, which may 
be extended to studies of ionized 
missile wakes and to such micro- 
wave components as harmonic gen- 
erators, electronically controlled 
phase shifters, switches, and other 
devices derived from a waveguide 
filled with ionized gas. 

Assume a slab of plasma that 
is contained by a magnetic field, and 
whose dimensions are large com- 
pared to the microwave wavelengths 
used to probe the plasma. This slab 


also 


April 7, 1961 


can be regarded as a dielectric that 
partially fills the waveguide trans- 
mission path, thereby causing a 
measurable phase shift. 

Solving Maxwell’s equations for 
the propagation coefficient in the 
case of the magnetic field parallel 
to the electric vector gives an ap- 
proximate expression for the phase 
constant 6 of 


B = (w/e) V1 — w,?/w? = (w/c) V K (1) 
where » = microwave radian fre- 
quency, c = velocity of light, o, = 

radian 
K = dielectric constant of 
plasma, n = electron density (elec- 
trons/M*), m = electron mass 
(9.11 10” Kg), e = electron 
charge (1.6 x 10°” coulomb) and 
e, = 1/367 x 10° farad/M. 

This expression is for low-tem- 
perature plasma (kinetic tempera- 
ture below a few million deg K 
where the collision frequency is 
small and the attenuation constant 
is assumed to be zero. Since Eq. 


plasma frequency (\/ne*/ 


me,), 


1 contains electron density, n, the 
problem of measuring electron den- 
sity in plasma can be solved by in- 
serting the plasma into a micro- 
wave transmission path and meas- 
uring the differential phase shift. 

If microwave energy is propa- 
gated along a transmission path 
containing a plasma, a force is ex- 
erted upon each plasma electron, 
causing it to oscillate around some 
position. As the frequency of the 
microwave signal approaches the 
plasma frequency, the excursion of 
the electron becomes more violent, 
assuming are taking 
place. This shows up in measure- 
ments as increasing attenuation of 
the microwave signal. Finally 
when » = o,, the signal is cut off 
completely and no_ transmission 
takes place. (See Fig. 1.) 

In an actual experiment some- 
thing must be known about electron 
distribution before quantitative 
measurements of the density can be 
made. Consider first uniform dis- 


collisions 
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0.2 0.4 0.6 


y) 2 
An = we /w® 


FIG. 1—Normalized phase shift 


and attenuation as a function of 
density and frequency 


tribution (electron density at a 
given instant the same throughout 
the cross-section of plasma _ tra- 
versed by the microwaves). For 
calculation, the horns are assumed 
to be in contact with the plasma 
although in practice they would not 
be since this would contaminate and 
cool the plasma. The phase shift 
before the plasma is inserted is 
» = Bd = (w/c) d = Q2xd/xX (2) 

where d = distance between trans- 
mitting and receiving antennas, 
f = frequency and \ = wavelength 
in free space. The phase shift with 
a plasma is 
dp =(w ce) d K'? =(2rd /d) (1 — wy? /w?)!/2(8) 

The change in phase-shift due to 
introduction of the plasma is (ig- 
noring phase shifts due to reflec- 
tions at the interface) 

Ag = (2xd/d) [1—(1—w,2/w?)"]_— (4) 

Defining a density 1. 
of wo’, eo = 


ratlo w, /o, 


in terms 
ne*/me, and taking the 


Thus 


Ad = (2mrd/X) [1 — (1 — n/n,)'"] (6) 


Quantity Ad can be measured 
with a microwave bridge, and A 
aiid d are known. By varying the 
frequency until cutoff occurs, cut- 
off density n, can be calculated from 
the expression for the plasma ra- 
dian frequency. In its simplest 
form 

ne = (1.24 & 107%) f? electrons/em* (7) 
Thus Eq. 6 can be solved for n once 
differential phase shift is 
ured. 

Figure 2 shows one method of 
using a microwave bridge to meas- 
ure differential phase shift. To 
determine the waveguide band to 
be used, the expected electron den- 


meas- 
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. 2—Differential phase shift is 
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(B) 


FIG. 3—Density as a function of time is shown in (A); plasma beam 
is traversed by microwave test path (B) along which there is a particular 


density distribution 


sities are estimated and the fre- 
quency of cutoff is obtained froia 
Eq. 7. Use the waveguide band in 
which this frequency occurs, or 
the next higher one. 

Power from the klystron is split 
by a directional coupler into a work 
path and a comparison path. The 
energy in the work path is fed to 
a transmitting antenna inside the 
wall of the vessel containing the 
plasma. A similar antenna, inside 
the wall of the vessel and at the 
opposite side, receives the radiated 
energy and channels it to one arm 
of a balanced mixer. 

This is the ideal situation but 
often it is impossible to place the 
antennas inside the vessel walls and 
then it becomes necessary to trans- 
mit the microwaves not only 
through the plasma but through 
the vessel walls. This may cause 
considerable attenuation to the sig- 
nal but does not invalidate the 
method. 

The energy from the comparison 
path is fed to the other arm of the 
balanced mixer. Comparison path 
phase and attenuation are adjusted 


until there is no output from the 
bridge when no plasma is present. 

In many experiments the plasma 
is transient. A typical plot of den- 
sity as a function of time is shown 
in Fig. 3A. As plasma density in- 
creases, the dielectric constant 
changes with time, giving rise to 
a shift in phase through the work 
path. This causes the bridge to un- 
balance, and as the total phase 
shift increases by multiples of 
27, the bridge output takes on the 
form shown. When the phase dif- 
ference between the two paths is 
an even integral multiple of z, the 
output is maximum positive. When 
the phase difference is an odd mul- 
tiple of z, the output is minimum. 
When the density equals or exceeds 
cutoff (n.), there is no output from 
the bridge. 

Initially the bridge is set for no 
output. The klystron runs c-w 
with no modulation. A pulse gen- 
erator such as a Hewlett-Packard 
Model HP212A can be used to pulse 
the klystron off. The klystron mode 
is adjusted so that the klystron is 
pulsed off, which shows on the os- 
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cilloscope as a wiggling of the base 
line. Looking at the output of the 
bridge fed through a differential 
video amplifier to an oscilloscope, 
the phase and attenuation can then 
be adjusted until no output is ob- 
served. 

With the machine set for a cycle, 
the bridge in balance, and the os- 
cillosecope set to trigger when the 
cycle begins, a cycle is started and 
i picture is taken. Then a count is 
made of the number of fringes oc- 
curring in the bridge output from 
zero to the cutoff density. 

The differential phase shift due 
to insertion of the plasma in the 
work path is given by Eq. 6 and 
the distance from one peak to the 
next is Ad = 22. Setting Eq. 6 
equal to 27N, where N is the num- 
ber of fringes, gives 

n =n. (2NX/d > N? d2/d?) (8) 
This is the equation for determin- 
ing electron density where distri- 
bution is uniform. All the quanti- 
ties are known except n., which is 
determined by changing the fre- 
quency until no transmission occurs 
through the plasma, and calculating 
from Eq. 7. The quantity d is the 
distance over which the differential 
phase shift takes place or distance 
between antennas and \ is the wave- 
length used for determining the 
number of fringes N. 

In most experiments the plasma 
electron density is not uniform, and 
therefore the expression for density 
given by Eq. 8 must be modified. 

Figure 3B shows the plasma 
beam traversed by the microwave 
test path. It is the electron density 
distribution along this path that is 
of concern. For convenience the Z 
axis is taken along the microwave 
path, with Z = 0 at the near edge 
of the plasma, Z = a midway 
through the plasma, and Z = d at 
the far edge of the plasma. Here 
the antennas are assumed to be lo- 
cated just at the beam edges. 

The density distribution can be 
represented by some function n(Z). 
The differential phase shift caused 
by insertion of the plasma into the 
microwave path then becomes 


Ag= 
d ’ 
w/e) |d— (1—n(Z)/n,)'!?2 dZ (9) 


Now n(Z) may be one of the 
following types of function: cosine, 
cosine squared, Bessel, parabolic, 
Gaussian, or triangular. This makes 
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the integration in Eq. 9 difficult. 
However, the integration has been 
carried out by Wharton and Slager'’ 
for some of these functions with 
results as plotted in Fig. 4. The 
term n, is maximum plasma electron 
density. Again let Ad equal 2N, 
Ad = 2xN = (ad/c) (1 d’), 

— 24Ne/wd 1—NvrXr/d_ (10) 

The method for uniform electron 
density can be used to determine 
N. Frequency and path distance d 
are known so that ¢’ is determined. 
Normalized electron density is then 
determined from Fig. 4 by assum- 
ing a density distribution or deter- 
mining it by methods described in 
reference 1. It has been found that 
the trapezoidal distribution fits a 
large number of experiments. The 
cutoff density is determined from 
Eq. 7 and the actual electron den- 
sity is thus determined. 

Another method for determin- 
ing differential phase shift is su- 
perior in some respects; namely, it 
eliminates the amplitude effects and 
the nuisance of frequency drift. In 
this second method a clipper is 
added to the output of the differ- 
ential video amplifier and _ the 
clipper output is fed through 
a Z-axis amplifier to the oscillo- 
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scope Z axis where it is used for 
intensity modulation. The klystron 
is swept about 50 Mc by an external 
sweep. The klystron sweep voltage 
is also applied to the Y axis of the 
oscilloscope, which is swept hori- 
zontally from its internal sweep 
circuits. If, with no plasma pres- 
ent, the horizontal sweep frequency 
is adjusted for a single trace and 
the clipped output of the differential 
amplifier is applied to the Z axis 
of the oscilloscope, an _ intensity- 
modulated trace results as in Fig. 
5A. Changing the horizontal sweep 
frequency gives the results shown 
in Fig. 5B. Finally, if the hort- 
zontal sweep frequency is adjusted 
correctly, a series of bars results 
as in Fig. 5C. Some experiments 
require the addition of a still, that 
i long length of waveguide 
rolled into a cylinder and inserted 
in the comparison path, when the 
differential phase shift between the 
two paths does not result in severa! 
bars as shown in Fig. 5C. 

If now a plasma cycle is initiated 
that is short in time compared to 
the horizontal time base of the os- 
cilloscope, position of the bars 
will shift or skew as shown in Fig. 
5D. 
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FIG. 4—Central plasma density as a function of 
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FIG. 5—With no plasma present, intensity-modulated trace is obtained (A); 
horizontal sweep frequency is then adjusted (B) to yield series of bars (C) that 
skew when plasma cycle is initiated (D) 
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FIG. 6—Output of balanced mixer is fed to video preamplifier (A). For single-ended inputs, preamplifier shown in (B) 
can be used, and, for more gain, preamplifier shown in (C) can be added 


If the peak of one bar shifts to 
the base line of the next bar, then 
one fringe shift has resulted. The 
differential phase shift is 2zxN, 
where N is the number of fringe 
shifts. By counting the number of 
fringe shifts and applying Eq. 10, 
the normalized phase shift can be 
determined Normalized density is 
found by entering the horizontal 
axis of Fig. 4 at ¢’, projecting to 
the density distribution curve used 
for the experiment, and projecting 
over to the Y axis for n./n.. By 
changing the frequency until cutoff 
occurs, which in this second method 
is where the center of the bar shifts 
vertically downward so that the bar 
becomes discontinuous, and apply- 
ing Eq. 7, the cutoff density is 
found. The electron density in the 
experiment just performed then is 
determined since n,/n, is known. 

Suppose 12 fringes are observed 
and d is 25 wavelengths. Then ¢’ 
= 1 — 12/25, = 0.52. Assume a 
rectangular distribution. From 
Fig. 4 n./n. is about 0.7. Assum- 
ing ». = 10” particles/cm*, then 
the density is n, = 0.7 xX n. = 7x 
10" electrons/em*. This example 
applies to either method since N is 
the same. 

Thus, it is relatively simple to 
determine electron density if the 
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distribution is uniform. Density is 
found by measuring the total fringe 
shift and plugging into Eq. 8. How- 
ever, in experiment, electron den- 
sity cannot be determined until the 
form of the distribution is known. 
A fringe shift may represent en- 
tirely different densities for differ- 
ent experiments. 

Assume a distance d between an- 
tennas of 10 cm. A microwave 
interferometer using either method 
is set up with the antenna oriented 
so that the electric field is parallel 
to the containing magnetic field. 

(1) Adjust the frequency until 
cutoff occurs at maximum plasma 
density (that is, find the frequency 
for which cutoff density and max- 
imum density are the same). Sup- 
pose this frequency is 20 Ge, and 
that 3.46 fringes are observed on 
the interferometer. From Eq. 10 


¢’ =1—Ne/df = 048 
‘(2) Determine maximum plasma 
density for this case by using Eq. 7. 

No = n- = (1.24 X 10°) f? 

4.96 < 10" electrons/cm? 

(3) Increase the frequency by 
arbitrary amounts, each time count- 
ing fringes and calculating ¢’, and 


‘ also the new cutoff density 7... 


(4) Tabulate n,/n.. and ¢’ for 
the various frequencies and plot 


these points for comparison with 
the distribution curves of Fig. 4. 

(5) Choose the distribution 
whose curve best fits the plotted 
points. 

(6) Having thus determined 
what distribution function applies 
to this experiment, subsequent den- 
sity measurements can be made. It 
is only necessary to count fringes 
and determine ¢’ from Eq. 10, then 
go to that value of ¢’ on the distri- 
bution curve in Fig. 4 to find the . 
corresponding value of n,/n... The 
cutoff density n., can be calculated 
for the:frequency, and hence the 
density n, can be determined. Sup- 
pose a value of 0.55 is found for 
n,/N-o. Then electron density is 
%, = O55. «96 x 10° = 258 X 
10” electrons/cm’. 

This procedure for determining 
electron distribution is for a solid 
plasma beam and does not hold for 
a hollow beam where the region in- 
side the shell is inaccessible at 
cutoff. For the present, electron 
distribution in hollow plasmas is 
determined by Langmuir probes 
or similar methods. 

The circuits for making the 
measurements are shown in Fig. 
6, 7 and 8. The output of the bal- 
anced mixer is fed to a video pre- 
amplifier, Fig. 6A, which has a 
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FIG. 7—Push-pull amplifier and clipper receive signals from video preamplifier 


bandwidth of about 3 Mc. 

In some cases a single-ended in- 
put might be desired. This is done 
by terminating one arm of the bal- 
anced mixer and using the single- 
ended preamplifier as shown in Fig. 
6B. If more gain is required, 
the single-ended video preamplifier 
shown in Fig. 6C is used between 
the preamplifier and the fringe- 
scan interferometer chassis. 

The signals from the video pre- 
amplifier are fed to the push-pull 
amplifier and clipper shown in Fig. 
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7. If the first method is to be used 
for density measurements, the lin- 
ear video output is fed to an oscil- 
loscope. For the second method, the 
clipped video output is fed to a 
Z-axis amplifier like that shown in 
Fig. 8A. The output of the Z-axis 
amplifier is used to intensity-modu- 
late the oscilloscope. 

The author thanks C. B. Whar- 
ton, originator of many of the tech- 
niques used in diagnosing plasmas; 
also J. Katz, W. Cummins and 
R. Senechal. 





REFERENCES 


(1) Cc. B. Wharton and D. M. Slager, 
“Microwave Interferometer Measurements 
for the Determination of Average Electron 
Density and of Density Profiles in Plas- 
mas,” University of California Lawrence 
Radiation Laboratory, Livermore, Cali- 
fornia, Rep. No. UCRL-5244, June 5, 1958, 


BIBLIOGRAPHY 


Cc. B. Wharton, “Microwave Diagnos- 
tics for Controlled Fusion Research,” Uni- 
versity of California Lawrence Radiation 
Laboratory, Livermore, California, Rep. 
No. UCRL-4836, Sept., 1957. 

Cc. B. Wharton and D. M. Slager, “Mic- 
rowave Interferometer Measurements for 
the Determination of Plasma Density 
Profiles in Controlled Fusion Experi- 
ments,’ University of California Lawrence 
Radiation Laboratory, Livermore, Cali- 
fornia, Rep. No. UCRL-5400, Nov. 6, 1958. 














NOTE: 








(B) 


V=VERY SHORT, 
LEAD 
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FIG. 1—Changing line length by switching (A) is accomplished using diodes (B) and (C). For ineremental control of 
0.05 wavelength, diodes are spaced as indicated in (D) 


By ROY H. MATTSON, 


Electrical Engineering Dept., 
Iowa State University, 
Ames, Iowa 


IN TRANSMISSION LINE work it is 
often desirable to match a load to 
a line at a high carrier frequency 
over a narrow band of modulating 
frequencies, such as antenna 
matching for a voice modulated vhf 
communications transceiver. The 
carrier may be at any frequency 
between 225 and 400 Mc, with a 
bandwidth of less than 20 Ke. With 
a triple stub’ tuner it is possible 
to match almost any load to a 
transmission line over a wide range 
of carrier frequencies. 

A triple stub tuner’ requires 
three variable shorted stubs spaced 
about an eighth of a wavelength 
apart at the center frequency of 
the carrier band. The length of the 
shorted stub can be changed when 
the carrier frequency is changed, 
such as occurs when a different 
channel is chosen. A means for 
controlling the length of a shorted 
stub electronically in finite steps is 
proposed in this article. 

An electronically controllable 
shorted stub should have little or 
no loss. Since the standing wave 
ratio on the stub should approach 
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infinity, the current and voltage 
handling capabilities of the stub 
should be large. Fig. 1A shows a 
method of controlling the length 
of a coaxial shorted stub in dis- 
crete steps. If switch S,, is shorted 
and all other switches are open, 
the line is d,, long. With S, closed 
the line is d, long. Therefore the 
length of the line can be changed 
by controlling the switches. 

Switching using pin (positive- 
intrinsic-negative) diodes has been 
proposed.” * From that concept 
Fig 1B shows an electronically con- 
trollable shorted stub using pin 
diodes. -When one of the applied 
voltages is positive and the rest 
negative, one diode conducts and 
the r-f signal sees a low impedance 
through the diode and the feed- 
through capacitor to ground, 
thereby causing a short on the line. 
The position of this short can be 
changed by changing the applied 
voltages. With all the diodes re- 
verse-biased the line acts like a 
relatively long shorted stub, while 
with the first voltage positive the 
line is short. 

Figure 1C shows a cutaway view 
of the diode and feedthrough ca- 
pacitor. The diode is soldered to 
the center conductor of the coaxial 
line. It is then brought up through 
the tee to where the feedthrough 


capacitor shorts the high fre- 
quencies, and allows d-c bias to be 
applied to the diode. The bias re- 
turn path is through the physically 
shorted end of the stub. A _ block- 
ing capacitor must be used in series 
with this stub to prevent the bias 
from entering the coaxial line. 

Properly designed pin diodes 
are good for this application since 
when forward biased they have a 
low impedance and good current 
handling capabilities, and when re- 
verse biased there is an open cir- 
cuit.‘ Diodes with these character- 
istics are now available, but when 
this work was done they were not. 

The proposed stub is variable in 
finite steps which requires decid- 
ing how many pin diodes to use 
and how to distribute them on a 
section of line. 

First determine the highest fre- 
quency f, which in this problem is 
400 Mc. Then determine the physi- 
cal length of a half wavelength of 
the transmission line at this fre- 
quency from D, = v/2f,, where v 
is the velocity of propagation of 
the transmission line. Physical 
length D, of the entire line can be 
found by replacing f, by the lowest 
frequency which is 225 Mc for the 
problem. With an_air-dielectric 
line, v is 3 x 10” cm per sec, D, is 
37.5 cm and D is 66.7 cm. If at the 
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FIG. 2—Admittance at 250 Mc of experimental shorted stubs shown on the right 


highest frequency it is desirable to 
break the stub into n steps in terms 
of wavelength then the diodes are 
spaced D,/n cm apart on the first 
D, cm of the stub. If 10 steps were 
desired the diodes would be 3.75 
em apart, giving 0.05 wavelength 
between each diode at 400 Mc. 

Spacing of the diodes from D, 
to D can be determined as follows. 
There would be a diode positioned 
some distance from the shorted end 
of the stub. This diode would be 
effective at only the lower end of 
the frequency band so it should be 
0.05 wavelength from the end which 
at 225 Mc is 6.67 cm, or 0.1 x D, 
from the shorted end which leaves 
this diode 60 cm from the input end. 
The next to last diode should be 0.1 
<x 60 cm from the last diode or 54 
em from the input. Figure 1D 
shows the spacing between diodes 
acting as switches to give incre- 
mental control of at most 0.05 
wavelength at any frequency; 15 
diodes are needed. 

These stubs allow finite steps in 
the input impedance of the stub. 
A vernier control on the steps can 
be obtained by using a pn junction 
varactor diode with a bias control 
in series with the input of the stub. 
The drawbacks of such a system 
ire the current and voltage har- 
dling capabilities of the pn junc- 
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tion varactor diode. 

Texas Instrument type 2071 di- 
odes were used to fabricate two of 
these electronically controllable 
stubs. The standing-wave ratios 
of the stubs were of the order of 
3.0 to one. To be perfect the stubs 
should have an infinite swr; how- 
ever, the results were good enough 
to indicate promise for this idea 
as an electronically tunable ele- 
ment. Measured results at 250 Mc 
are shown on the admittance co- 
ordinates in Fig. 2 since the stubs 
are to be used as parallel tuning 
elements. The points are the input 
admittances of the stub with one 
of the diodes forward biased and 
the rest reverse biased. 

If the diodes were better switches, 
the circles on the Smith chart would 
have larger radii since there would 
be little loss. Results with the stubs 
at all frequencies from 250 to 400 
Mc were similar. 

The stubs and associated circuits 
are shown in the photograph. The 
electronically controllable line was 
fabricated from half-inch copper 
tubing with a brass center con- 
ductor. Diodes were soldered to the 
brass and brought out through 
holes in the copper tubing. These 
holes were surrounded by a short 
piece of copper pipe which was ter- 
minated in a feedthrough capacitor 


that acts like 
short circuit. 

The coaxial arrangement used to 
construct the test lines is not as 
good as a strip-line construction 
would be. This is because of the 
interference of the tee sections 
with TEM transmission, and the 
generation of other modes. The 
strip-line approach would confine 
the fields, and the diodes would not 
create such large discontinuities in 
the transmission-line character- 
istics. Using strip-type transmis- 
sion line and newer diodes, a prac- 
tical high-Q electronically variable 
shorted stub should be possible. 

This work was done on a contract 
with the McDonnell Aircraft Corp. 
which was terminated July, 1959. 
The author is indebted to D. T. 
Ngo of the Electrical Engineering 
Department at Iowa State Univer- 
sity for his aid in measurements 
and construction. 
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FABRICATING THIN-FILM 


Thin-film resistors can be formed by evaporation or deposition. 


They have low power ratings, but can be used in computer and logic 


circuits. Factors influencing design and application are discussed 


UNIT FILM RESISTANCE 


Resistance in ohms of films one unit in length, for various ohms-per-square resis- i R r 
tivities TO CONVERT a conventional - circuit 
to thin-film topology, printed cir- 
cuit techniques are used. A diver- 
gence from printed circuit tech- 
niques occurs only in the composi- 
tion and control of the various films 
0.006 | 4,166 8,333 16,666 25,000 33,332 83,333 166,666 233,324 333,333 used. ; : 

0.007 3,560 7,120 14,240 21,360 28,480 71,200 142,400 200,360 284,800 In forming resistors, any film 
0.008 3,140 6,280 12,560 18,840 25,120 62,800 125,600 175,840 251,200 that can be evaporated or otherwise 
0.009 | 2,7 5,580 11,160 16,740 22,320 55,800 111,600 156,240 223,200 deposited can be used. In general, 
0.010 2,500 5,000 10,000 15,000 20,000 50,000 100,000 140,000 200,000 the film should have stable charac- 
0.011 | 2,275 4,550 9,100 13,650 18,200 45,500 91,000 127,400 182,000 teristics and should be thick 
$s | ie ee Ie eee aie: Lee 
7 2 3, “fe 42 Dye 36, 46, (Py oo, * 

0.014 | 1.780 3.560 7,120 10,680 14.240 33,600 67.200 99,680 134,100  CU!K properties of the base ma- 
0.015 | 1,665 3,330 6,660 10,000 13,320 33,300 66,600 93,240 133,200 terial. Resistor materials include 
0.016 | 1,565 3,130 6,260 9,390 12,520 31,300 62,600 87,640 125,200 Chrome and nickel-chrome alloys. 
0.017 | 1,470 2,910 5,880 8,820 11,760 29,400 58,800 82,320 117,600 Film thicknesses of 100 angstroms 
0.018 | 1,385 2,770 5,540 8,310 11,080 27,7 55,400 77,560 110,800 to. 1 micron are the most feasible 
0.019 | 1,315 2,630 5,260 7,890 10,520 26,300 52,600 73,640 105,200 for resistor deposition. 

0.020 | 1,250 2,500 5,000 7,500 10,000 25,000 50,000 70,000 100,000 The best way to determine film 
0.021 | 1,170 2,340 1,680 7,020 9,360 23,100 46,800 65.520 93,600 
on | ties te ate tab ate ae oe ae ee ee 
Used | 60 2,16 oe oo . o1,6 oa, I ?, ai . * 

0.024 | 1.040 2.080 4.160 6.210 8320 20.800 41.600 58.210 83,200 ‘the deposited film is monitored dur- 
0.025 | 1,000 2,000 1,000 6,000 8,000 20,000 40,000 56,000 80,000 ing evaporation. Film thickness 
0.050 500 1,000 2,000 3,000 4,000 10,000 20,000 28,000 40,000 measurements, using optical or 
0.100 250 = 500-—-1,000 1,500 2,000 5,000 10,000 14,000 20,000 other methods, are reliable with 
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FIG. 1—Permissible wattage load is a function of film thickness. Karma (A) is a Driver-Harris alloy with a composi- 


tion, in percent, of 73 Ni, 20 Cr, 7 Al and Fe. Loading for chrome film (B), derating curve for Pyrex glass and 
Photoceram substrate (C) 
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RESISTORS 


By IVAN L. BRANDT, 


CBS Electronics, Danvers, Mass. 


single metal depositions, but where 
alloys are evaporated, a composi- 
tion change occurs due to the dif- 
ferent melting points and evapora- 
tion rates of the elements compris- 
ing the alloy. The change in alloy 
composition, although small, 


changes the resistivity of the film. 

Resistance of a thin-film square 
is the d-c resistance measured be- 
tween opposite faces of the square. 

The advantage in using ohms per 
square to specify resistance is that 
the measurement is independent of 


the size of the square. A uniform 
film of given thickness will have 
the same resistance per square cm 
as per square inch, or any other 
arbitrary unit of length. The table 
shows the resistance of films of 
various line widths for compositions 
with various predetermined ohms- 
per-square resistivity. Ohms-per- 
square resistivity is controlled by 
the thickness of the film. The unit 
film resistance table is independent 
of the material, provided the de- 
posited film is of uniform thick- 
ness. 

The geometrical design of thin- 
film resistors on microcircuit sub- 
strates can be completed if the fol- 
lowing information is available: 
the value of each resistor; watts to 
be dissipated in each resistor; am- 
bient temperature of the substrate; 
and the approximate area available 
for each resistor. 

The table shows unit resistance 
values of line widths for 25 to 2,000 
ohms per square films. The line 
widths of 0.006 and 0.1 are practi- 
cal cut-off points. 

Figures 1A and 1B relate film 
thickness in ohms per square to 
loading in watts per square inch 
which can be permitted on a glass 
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or Photoceram substrate to main- 
tain stability at 25 C ambient tem- 
perature. Experimental data are be- 
ing accumulated to validate the 
curves. The stability objective is 
less than 3 percent change in re- 
sistance for chrome and less than 
} percent change for Karma, both 
for a rated 2,000-hour load life. 
Similar curves can be determined 
for other materials. 

Thin-film characteristics are 
sensitive to the method of deposi- 
tion and to post-deposition ageing. 
The resistance films discussed were 
deposited in a vacuum of 2 x 10° 
mm onto a polished Pyrex glass 
and Photoceram substrate at 300 
C. The films were then aged at 
up to 500 C for 20 minutes, then 
cooled to room temperature. The 
glass and Photoceram surface was 
polished to 0.2 microinch. Connec- 
tions to the film resistors were 
gold, 1.5 microns thick. Average 
change in resistance was minus 
200 to 300 parts per million per 
degree C for chrome; Karma 
exhibited a positive shift of 15 to 
20 parts per million per degree C. 

Power dissipation tests were 
made without protective films and 
in normal atmospheric conditions. 
The design of the test pieces mini- 
mized thermal conduction through 
the test leads. Further power dis- 
sipation tests were conducted at 
five times the plotted level, at which 
point :9 percent shifts in resist- 
ance were observed. Resistor burn- 
out at the junction of the conductor 
contacts occurred at 10 times rated 
load; at this loading, some crack- 
ing of the glass substrate was also 
observed. 

Figure 1C gives the derating for 
ambient temperatures to 150 C, 


Typical thin-film 
resistors enlarged 
approximately 
three times 


which must be applied to the per- 
missible loading in watts per 
square inch (Fig. 1A and 1B) when 
a resistor is to operate above 70 
C. The derating curve is consistent 
with characteristic B of MIL-R- 
10509C for fixed film resistors. 

The desired value of a resistor 
R is related to unit resistance R, 
(from Table I) by R = LR, where 
L is length, in inches. 

Only one accurately monitored 
thickness of film is desirable for 
all resistors on a substrate. The 
film thickness is chosen by con- 
sidering both permissible loading 
and the area available for all the 
resistors being deposited. 

A practical rule is to work to- 
ward the heaviest film or lowest 
ohms per square without losing 
sight of the physical dimensions of 
the resistor. 

It is unfortunate in thin-film 
resistor topology that the area of 
the resistor is proportional to the 
resistance value. Thus the low- 
value resistors occupy the least 
area but carry the heaviest cur- 
rents and must dissipate the most 
power. Thus it is necessary to de- 
sign around the smallest resistor 
value in the circuit. The second 
major consideration is the maxi- 
mum available area for the largest 
resistor. These two factors deter- 
mine film thickness. 

In some cases the two diamet- 
rically opposed requirements can 
not be resolved and dual evapora- 
tion using two film thicknesses is 
necessary. However, the manufac- 
turing cost is substantially in- 
creased by dual evaporation. 

Secondary considerations for 
film choices are line width and 
length of the resistors. Thin lines 
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that vary only slightly in width 
can produce resistances that vary 
considerably in production. Ex- 
tremely short lengths require high 
accuracy in the conductor registra- 
tion to obtain accurate resistance 
values in production. 

In circuit design, an idea of the 
several possible geometries is ob- 
tained from the table and a tenta- 
tive film thickness is chosen. 

For this film thickness, maxi- 
mum permissible loading is  ob- 
tained from Fig. 1A or 1B, then 
modified in accordance with Fig. 3 
for the ambient temperature at 
which the substrate is to operate. 

Knowing the permissible watts 
per square inch and the watts to be 
dissipated, the minimum allowable 
square inches can be calculated. 
Minimum Area = (Watts Dissipa- 
tion of Resistor) /(Permissible 
Watts per Square Inch). 

Area for resistance value R is 
then width times length. When the 
length of the resistor is greater 
than the length of the allocated 
area, the printed resistor line can 
be folded. Insulating distance be- 
tween folds should be at least 0.002 
inch. 

Design ideas can be illustrated 
by working out the requirements 
for the circuit of Fig. 2A. It is 
assumed that the ambient tempera- 
ture will be below 100 C and that 
the substrate has an area of 3 
square inch. Only the resistors will 
be considered; no attempt will be 
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made to calculate capacitor and 
semiconductor parameters. It is 
assumed that these components will 
be attached by soldering. 

Circuit analysis establishes the 
maximum power requirements for 
each resistor in this circuit: R, = 
2,000 ohms (12 v/2,000 ohms = 
0.006 amp) or 0.072 watt dissipa- 
tion; R. = 7,000 ohms (12 v/7,000 
ohms = 0.00171 amp) or 0.0205 
watt dissipation; power require- 
ments of R, are negligible and need 
not be calculated. 

The choice of space and loading 
determines film thickness, but con- 
siderable latitude is given the de- 
signer. In most cases, space re- 
quirement of one resistor (in this 
instance, R,) will be the determin- 
ing factor. 

A film thickness giving 100 ohms 
per square is selected, an arbitrary 
choice and not restrictive. A 50- 
ohm or 150-ohm film will do 
equally well. Film thickness below 
or above would violate either space 
or loading requirements. 

To find the area for the 2,000- 
ohm resistor, the loading charac- 
teristic for this film is obtained 
from Fig. 1A: 16 watts per square 
inch. 

The derating factor from Fig. 
1C is 0.62; therefore, 16 x 0.62 ~ 
10 watts per square inch. 

The minimum area this resistor 
requires is: (0.072 watt to be dis- 
sipated )/10 watts per square inch) 
= 0.0072 square inch. 
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FIG. 2—Circuit (A) designed for thin-film resistor manufacturing (B) 
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Next choose a line width from 
the table: a suitable width is 0.020 
inch. 

The length of film for the 2,000 
ohm resistor is R/R, = 2,000/5,000 
= 0.4 inch long. 

Area of the resistor is 0.4 x 
0.02 = 0.008 square inch. This is 
adequate for the design since it is 
above the 0.0072 square inch mini- 
mum area needed for power dissi- 
pation. 

Now calculate the area for the 
7,000-ohm resistor. The loading 
and derating factor were estab- 
lished in designing R,; therefore, 
the minimum is found to be 0.00205 
square inch. Choose 0.006 inch line 
width and determine _ resistor 
length: 0.42 inch. Resistor area 
of 0.0025 square inch is greater 
than the minimum requirement of 
0.00205 square inch. 

The 1,000-ohm resistor has no 
maximum loading requirement, and 
therefore the available area deter- 
mines the size. With a 0.025 inch 
line width of 100-ohm per square 
film, the length is 0.250 inch. Fig- 
ure 2B shows a configuration for 
manufacturing the circuit with 
film-resistor techniques. 

Noise characteristics of thin-film 
resistors are, in general, better 
than those of other resistors. The 
first resistors manufactured 
showed a slight thermoelectric ef- 
fect but using gold instead of cop- 
per for conductors and pads re- 
duced the effect significantly. 

Data are the results of tests on 
substrates approximately 1 inch 
square, with a density of six re- 
sistors per substrate. The resistors 
occupied approximately 15 percent 
of the total area and only one side 
of a substrate was used. Ratings 
will probably have to be redtced 
for higher resistor density. 

A number of precautions have 
to be taken in thin-film resistor 
technology or the results obtained 
will not be those desired. In 
particular, results will be greatly 
modified by improper choices of 
substrate materials, conductor ma- 
terials and conductor thicknesses. 
Contributory factors are vacuum 
conditions in the bell jar, impuri- 
ties introduced from the evaporant 
source, leakage of the rotary seal 
mechanism, and improper diffu- 
sion pump operation. 
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COLLECTOR CURRENT Ie 


FIG. 1—Idealized characteristic of certain silicon mesa transistors with shorted base (A), and open base (B). The 
effect of an external resistor in the base on breakdown or avalanche is shown in (C) and (D) 
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HIGH VOLTAGE silicon mesa transis- 
tors can operate similariy to thy- 
ratrons. Upon being triggered, the 
transistor junction breaks down, or 
avalanches, and can conduct large 
currents for a short time. Rise time 
of the avalanche breakdown current 
can be short, and the delay between 
triggering and avalanching can be 
short and consistent. This _ phe- 
nomena is nondestructive if the 
peak and average power dissipated 
at the junction are limited by the 
circuit. 

The avalanche action can be used 
to produce high-speed, high-cur- 
rent switching circuits; high-speed 
nuclear instrumentation is one im- 
portant application. 

The collector characteristic of 
certain silicon mesa transistors can 
be idealized as shown in Fig. 1A. 
Important features are: the col- 
lector-base junction behaves like 
a zener diode for small leakage 
currents; at leakage currents 
greater than /,, the device exhibits 
negative resistance; two stable 
states, labelled I and II, are pos- 
sible (the transition between states 
can occur in a short time). 

In region II the voltage that can 
be supported across the transistor 
is less than in region I. After the 
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Designing Avalanche 


Switching Circuits 


High power can be obtained from transistors 


operated in the avalanche mode. Avalanche 


operation is reviewed and a criterion is developed 


for selecting transistors with this property. 


The basic avalanche circuits are presented and 


factors influencing design and application discussed 


transistor has switched from region 
I to II, the current must be re- 
duced below /, to return operation 
to region I. Current J, is usually 
lower than /,, but may not be. 

Two conditions are shown in 
Fig. 1, open base, Fig. 1B, and base 
shorted to emitter, Fig. 1A. Open- 
base breakdown voltage from col- 
lector to emitter BV.ro is less than 
shorted-base breakdown voltage 
BVcrs; I,’ is less than J,; the dif- 
ference in voltage between regions 
I and II is greater for shorted-base 
than for open-base, that is, (BVexs 
_— LV ces) P, (BV ceo aS oe LV cro), 
where LV-<s is the lower limiting 
voltage from collector to emitter 


with base shorted and LV ¢ro is for 
base open; and LVers > LV cro. 

The differences are outlined in 
Fig. 1C and 1D, which also indi- 
cate the effect of external base re- 
sistance. There is a value of R, for 
which the difference between the 
BV and LV voltages is a maximum. 

The avalanche breakdown phe- 
nomenon‘ can be summarized as 
follows. 

At low values of J, the leakage 
current flows out of the _ base 
through the base spreading resist- 
ance ”,, (Fig. 2A) and through 
the external base resistance R, (if 
included). Little leakage current 
flows out the emitter lead. This is 
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FIG. 2—Most of the leakage current switches to emitter ci rcuit when Vn» exceeds V; and base-emitter junction becomes 
forward biased (A). Breakdown characteristic for base cur rent shown in (B); base voltage (C). Basic avalanche switch 


and waveforms (D); current excursions during switching (E). 


Differentiation of output—by adding R,—increases 


pulse rise time (F). A positive output pulse is obtained with the circuit of (G). Blocking oscillator (H) has an out- 
put with rise time nearly independent of trigger rise time 


because the built-in potential hill 
of the base-emitter junction causes 
this junction to be reverse biased. 

The flow of leakage current 
through ?”’,, establishes a voltage 
drop across this resistance, result- 
ing in a potential of V,, across the 
effective base-emitter junction. The 
current continues to flcw out of the 
base as long as V,, is less than V,, 
the threshold voltage of the base 
emitter junction. 

When V,, becomes greater than 
V,, the base-emitter junction be- 


comes forward biased and most of 
the leakage current switches to the 


emitter circuit. This occurs when 
I, is greater than J,. 

At I, the transistor exhibits a 
negative resistance and can be in 
either region I or in region II. In 
region I, current flow is through 
the base while in region II most of 
the current flow is through the 
emitter. The transistor can sup- 
port only a collector voltage of 
LV +r, Gower limit voltage with re- 
sistor in base) in region II so that 
a transistion in collector voltage 
takes place when I, is exceeded. 
If the current is not limited by the 
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external circuit, the transistor can 
be destroyed from internal heating 
caused by power dissipation in the 
broken-down junction. However, 
the transistor can handle large 
amounts of peak power for short 
times without damage. 

Since the leakage current flows 
in the base circuit in region I, the 
base has control over this current. 
Figure 2B shows the collector char- 
acteristics in the region of I’, and 
BV... The locus of /’, has an up- 
ward slope as a function of V,+. 
Figure 2C shows a similar charac- 
teristic for base voltage control of 
the same transistor. For a range 
of collector currents the locus of 
I, is double valued. 

A basic avalanche switching cir- 
cuit is shown in Fig. 2D. Principal 
points in the operation of this cir- 
cuit are (Fig. 2E): 

(1) The load line of R,. inter- 
sects the curve V, = O at a point 
where I. < I,. This establishes a 
stable operating point under static 
conditions. 

(2) Capacitor C is charged to 
BV cur: 

(3) Applying a voltage pulse to 


the base reduces the value of J, so 
that the load line of R, now inter- 
sects the lecus of J,. At this point 
the transistor avalanches. 

(4) ColHector current then rises 
abruptly to a high value (J,.4.) 
along a load line of R,, where R, 
is the equivalent resistance of the 
transistor in the avalanche condi- 
tion. Meanwhile the collector volt- 
age drops to V,. Voltage V, is 
usually lower than any of the LV 
voltages and is controlled partially 
by C. 

(5) The capacitor is discharged 
and when discharge current drops 
below I,, the transistor ceases con- 
duction. The capacitor then re- 
charges toward V,. with a time con- 
stant of R.C. 

(6) Switching time, ¢,, is a prop- 
erty of the transistor, and R, is a 
nonlinear function of current. 

The amount of energy to switch 
the transistor is directly related to 
the value of R,, since current that 
could be used to raise V,, (Fig. 
2A) is shunted past the junction by 
R,. Operation with a high value 
of R, will permit lower energy 
triggering, but the locus of I’, 
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makes it difficult to have the load 
line intersect a stable operating 
point on the J, = O curve and also 
intersect the locus. This makes the 
control of V.. more of a problem. 
Differentiating the collector volt- 
age by adding a small resistor R, 
in series with C produces a voltage 
that rises faster than the avalanche 
voltage, as indicated in Fig. 2F. 
For fast, high-current pulses into 
transmission-line impedance loads, 
the circuit of Fig. 2D is useful. The 
output pulse of Fig. 2D is nega- 
tive; to obtain a positive pulse, 
an inverting transformer can be 
used. A circuit that will provide a 
positive output pulse is shown in 
Fig. 2G. The transistor is con- 
nected as an emitter follower. In- 
ductor L provides a low resistance 
path for the leakage current while 
providing a higher impedance for 
the trigger signal. This technique 
minimizes the shunting effect of R, 
on the input trigger pulse while re- 
taining the features of the shorted 
base mode. Diode D, prevents ca- 
pacitor C, from adversely affecting 
circuit action when the input trig- 
ger drops below the output voltage. 
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This circuit can produce a _ rec- 
tangular output pulse if an open- 
ended delay line is used in place of 
C. 

Rate of rise of the input trigger 
may affect the rise time of the 
avalanche current in some devices. 
An avalanche transistor used in a 
blocking oscillator can provide an 
output whose current-rise-time is 
less dependent on input trigger rise 
time than it is in conventional cir- 
cuits (see Fig. 2H). However, out- 
put is reduced by feedback of 
energy. 

Any of the circuits outlined will 
free-run if the collector supply 
voltage is increased past the point 
where J, is exceeded at BVore. The 
repetition rate will be determined 
by R. and C. 

Selection of a transistor that 
exhibits the characteristics shown 
in Fig. 2B and 2C is a problem, 
since most transistors are not rated 
this way. No static characteristic 
given on data sheets has been 
found to relate amplifier perform- 
ance to avalanche performance. 

A test circuit to determine ava- 
lanche switching properties is illus- 
trated in Fig. 3. Quantities that 
can be checked are: 

(1) Voltage BVex,: the break- 
down voltage of the collector-emit- 
ter circuit with a resistance be- 
tween the base and emitter (see 
Fig. 1C and 1D). 


(2) Current J,: the maximum 
that will flow in the collector cir- 
cuit at voltage BVcsz. 

(3) Minimum triggering level: 
the lowest amplitude base pulse 
that will cause the transistor to 
avalanche. Triggering is a func- 
tion of input energy and therefore 
depends on both amplitude and 
pulse width. A convenient pulse 
width in 10 nanoseconds. 

A quality factor has been derived 
to compare the performance of 
transistors in the test circuit. 

OF = Pulse Voltage Gain 7 


nsec 


(+:)(ctz) 


where QF is the pulse voltage gain 
per nanosecond, Vp and V,,,, are 
the magnitudes of the output pulse 
and trigger, t, is rise time of out- 
put in nsec (from the 10 percent 
to 90 percent level), and t, is delay 
time—the time in nsec from input 
trigger until 10 percent of output 
is obtained. 

The QF indicates the usefulness 
of the transistor for providing fast 
pulse timing. A transistor with 
high QF will produce a higher out- 
put at a shorter time after a mini- 
mum energy input pulse than a 
unit with low QF. The value of QF 
varies from unit-to-unit, with a 
typical 2N706 having a QF of 20 


FIG. 3—Test circuit for determining avalanche characteristics 





and a typical 2N696 having a QF 
of 2. 

The requirements for avalanche 
breakdown are V, = BV cx, and I, < 
I,. The slope and location of the 
locus of J, with respect to the BV crs 
curve is important in selecting a 
unit to avalanche well. For a given 
collector supply voltage and col- 
lector resistor, devices with high 
values of J, will be more tolerant 
of fluctuations in supply voltage. 

For maximum output amplitude 
into a low-impedance load the unit 
with the highest BV csr will be the 
best. However, it will require a 
trigger of more than the minimum 
triggering level to obtain maxi- 
mum output. With overdrive it is 
possible to obtain output voltages 
nearly equal to BV ver. 

Ability to overdrive.in the .ava- 
lanche condition is an important 
factor in delivering large currents 
to low impedance loads. Overdrive 
can’ reduce the saturation resist- 
ance of the transistor in the ava- 
lanched condition and permit much 
higher peak currents to flow. By 
cascading avalanche stages, larger 
outputs can be obtained with rise 
times equivalent to single stages. 

Figure 4A shows a cascaded ava- 
lanche pulse generator for applica- 


tions requiring 1 to 2-amp pulses 
into loads of transmission-line im- 


pedance. The circuit will provide 
either a positive or negative out- 
put, or both. If a positive output 
is desired, the negative output ter- 
minal is grounded; if negative, the 
positive output terminal is 
grounded. 

Waveshapes are shown in Fig. 
4B. The first stage consists of a 
blocking-oscillator avalanche 
switch. Input to the base of Q, is 
shown as a slowly rising positive 
signal. When this signal reaches 
the threshold level of Q, the tran- 
sistor avalanches and discharges C, 
through a winding of 7,. Part of 
this energy is fed back to the base 
of Q, through R, to make the cir- 
cuit regenerative and thus less de- 
pendent or the input signal rise 
time. 

This feedback pulse usually is 
faster rising than the input. Diode 
D, blocks the input signal and pre- 
vents it from interfering with cir- 
cuit action if it is of lower ampli- 
tude than the feedback pulse. 

Operation of Q, as an avalanche 
switch in a blocking oscillator cir- 
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cuit gives two advantages: the de- 
lay time of the circuit is small com- 
pared with that of a transistor not 
operating in avalanche mode; the 
threshold of triggering, output 
pulse amplitude and waveshape are 
much less sensitive to the rate of 
rise of the input signal than a basic 
avalanche stage would be. 

The energy that is not fed back 
to the base of Q, and T, is dumped 
into the base-emitter junction of 
Q.. Transistor Q. is also operated 
in the avalanche mode. The base- 
drive pulse V,. is much more than 
required to trigger the avalanche 
of Q., so Q: avalanches quickly. 
Transistor Q. is driven hard into 
saturation after avalanche and acts 
like a normal transistor, that is, 
the base has control over the col- 
lector current after the initial fast 
breakdown. Output, V.u, is pro- 
duced by discharging C, through 
the load. Output current consists 
of two parts, that due to avalanche 
breakdown and that due to over- 
drive. Rise time is a combination 
of the avalanche switching time of 
the transistor and the switching 
time of the normal transistor. The 
use of avalanche mode eliminates 
the delay time of conventional 
switching. 

Both Q, and Q. should operate in 
the avalanche region of their col- 
lector-base junction. This is done 
by controlling 7. with careful selec- 
tion of R,, R. and V.,.. Current I. 
should be less than /, for circuit 
stability. 

The value of R, is governed by 
several conflicting factors: a low 
value of R, is desirable for circuit 
stability since J, is dependent on 
R,; better blocking oscillator ac- 
tion can be obtained with low 
values of R,; lower triggering 
energy is required when R, is 
large; and more energy is available 
to overdrive Q. when R, is large. 
Typical values for R, are 100 to 
300 ohms when silicon mesa npn 
units (such as 2N706, 2N695 and 
2N1505) are used. 

The values of C, and C, are gov- 
erned by output pulse require- 
ments. Figure 4C indicates how 
output pulse characteristics can be 
changed by C,, C. and R;. 

Maximum pulse width is limited 
by the amount of energy that can 
be stored in C. and that can be han- 
dled by the transistor without 
junction deterioration. A value of 


C. greater than 0.47 microfarad 
for transistor units with BVcrs ex- 
ceeding 120 volts is not recom- 
mended. The principal application 
of this circuit is in fast-pulse tim- 
ing where the fast rise time of the 
output is used. It is not usually 
necessary to provide wide pulses. 
If wide pulses are needed they do 
not typically need fast rise times 
and can be obtained using other de- 
vices such as 4-layer diodes, silicon 
controlled rectifiers or thyratrons. 

Recovery time of the circuit is 
a function of the R-C time eonstant 
of the collector circuits. Since C. 
does not discharge fully, and C, 
does, C, controls the double pulse 
resolution of the circuit. 

The effect of load resistance on 
the output pulse amplitude can be 
estimated with the equivalent cir- 
cuit of Fig. 5A 


BVces =I1 X (Reat + Rx) (1) 
Capacitor C, is initially charged 
to BV... and discharges through 
the transistor and load in series. 
Voltage V,., (neglecting the dis- 
charge of C.) is 


J out( peak) = 


1,RL=RiBV ces/(Reat t+ RL) (2) 


As indicated in Fig. 5B, R,,, is 
a function of J,. The value of R,,, 
and its dependence on /, is a direct 
function of the transistor and 
varies widely from unit to unit. 
It can be determined by measuring 
the ratio BVors/V.ue for different 


values of R,. 
Reat = ( ih: ieee ') Ri (3) 
V out (peak) 

It is significant to measure peak 
load power as a function of load 
resistance and determine maximum 
peak power. Note (Fig. 5D) that 
the unit is suited for use with 
transmission-line impedance loads 
when peak power output is con- 
sidered. 

A typical circuit using the cas- 
cade avalanche technique is shown 
in Fig. 6A. The transistors must 
be selected for avalanche properties 
and to have a larger J, than the 
collector load resistor will allow to 
flow ; otherwise the circuit will free- 
run. The triggering level of the 
input is approximately 0.2 volt and 
the input level is limited by the 
HD2151 diode to prevent slow 
pulses from causing double puls- 
ing. Maximum repetition rate of 
the circuit is around 30 pps, de- 
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FIG. 4—Cascade avalanche circuit (A) will deliver positive or negative pulses; circuit waveforms 
(B); how circuit values control output waveform (C) 


Fig. 5 
magnitude of I 


pending on the beta of the 2N706. 
Output pulse-width is around 1.5 
microseconds with a 30 percent 
droop. The output reaches 100 
volts in 25 nsec with a 100-ohm 
load (for 90 percent of 2N696’s 
with BV,., over 120). In a 50-ohm 
load the worst unit reached 50 volts 
in 40 nsec. The quiescent current 
drain of this circuit is less than 
4 ma and does not change appreci- 
ably when operated at 30 pps. This 
design has been used to drive the 
launch coil of magnetostrictive de- 
lay lines, giving a compact pack- 
age when a 300-volt battery is 
used. 

This circuit can be used at repe- 
tition rates as high as 6 Me with 
reduced output. Figure 6B outlines 
a design that will produce 200-ma 
pulses at a 3-Mc rate when the 
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input is a sine wave. This design 
will provide a timing pulse for each 
cycle of a high-frequency sinewave 
from 500 Ke to 6 Me. The timing 
pulse can be as narrow as 20 nsec, 
with a rise time of 5 nsec. Selec- 
tion of transistors is critical and 
both units must have the same 
value of BV... Power-supply volt- 
age is also critical, since with only 
1,000-ohm collector load resistors 
it is easy to over dissipate the tran- 
sistors with a _ relatively small 
change in V... 

A characteristic of avalanche 
transistor circuits is thei: ability 
to free-run if J, is exceeded. This 
propsrty of the circuit has a pro- 
tective influence on the transistor 
and is important in high-repetition- 
rate circuits where the collector 
load resistance is low. The free- 


Equivalent circuit of avalanche switch during output pulse (A); variation of Rear with 


(B); voltage and current output as a function of load (C); power to load (D) 


running repetition rate is deter- 
mined by the collector resistor-ca- 
pacitor combination. 

It may be necessary to provide 
double-pulse resolution with a low 
duty cycle; that is, a pair or more 
of closely spaced inputs will occur 
once or at a low repetition rate. 
The circuit outlined in Fig. 6C can 
be used to advantage. It has the 
inherent stability against free run- 
ning of the large collector resistor 
R, and the repetition rate capabili- 
ties of R,. Capacitor C, controls the 
number of pulses that can be re- 
solved; C,; is also large so it does 
not discharge appreciably during 
the time C, discharges. 

To use avalanche switching cir- 
cuits in single-pulse or lockout ap- 
plications, a tunnel diode can be 
used. Figure 6D indicates a type 
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FIG. 6—Typical cascade avalanche circuit (A); high-repetition-rate pulse generator operates from 500 Ke to 6 MC 


(B);: stable double pulse generator (C); single pulse generator with reset using tunnel diode (D); the sharper the knee 
of the curve (E) the better the transistor is for avalanche switching 


of circuit that will produce only one 
output, with reset required. The 
V-I curve of the typical germanium 
tunnel diode used is also shown. 

Salient features of this circuit 
when in the quiescent state are: 

(1) Tunnel diode current is set 
at less than 1 ma by selection of R, 
and V.,. Operating point is at P, 
in Fig. 6D. 

(2) Voltage at|P, plus the for- 
ward drop of diode D is less than 
the threshold of ithe base-emitter 
diode of transistor Q. This results 
in Q being off. 

(3) Collector voltage of @ is at 
BVcrr. Leakage current of the col- 
lector-base diode flows through the 
tunnel diode, but this current is in- 
significant when compared to the 
V../R, current. 

When a pulse is applied to the 
base of Q through C,, the current 
through the tunnel diode exceeds 
1 ma and the diode switches to a 
higher voltage state. The voltage 
across the base of Q rises above its 
threshold and Q avalanches and 
turns on. The current /; then di- 
vides between Q and the tunnel 
diode, resulting in a new operating 
point P.. Resistor R. is large 
enough so that base current (J, — 
I,) causes Q to saturate. Tran- 
sistor Q remains saturated until the 
current through the tunnel diode 
becomes lower than /7,, at .which 
time the tunnel diode returns to a 
low voltage state. The circuit can 
be reset only by lowering the cur- 
rent in the tunnel diode below /,. 
Reset can be accomplished by re- 
moving J, or by applying a negative 
pulse to the base of Q. 

Diode D is necessary when Q is 
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a silicon unit because the base 
threshold is higher than the volt- 
age across the tunnel diode when 
it is in the high-voltage state. 

The combination of avalanche 
transistor techniques and the tun- 
nel diode results in fast switching. 
A 2N706 and a Clevite tunnel diode 
in the circuit of Fig. 6D resulted 
in a total collector voltage switch- 
ing time (t, + t,) of less than 10 
nsec. The circuit can be converted 
to a voltage discriminator by in- 
serting a resistance in series with 
the input. 

Comparison of this tunnel-diode 
circuit with the first stage of the 
cascade avalanche circuit (Fig. 


4A) shows them to be functionally ‘ 


similar. In both types of circuits, 
some type of overdrive is required 
to cause the avalanche breakdown 
with minimum delay. In the block- 
ing oscillator this overdrive is ob- 
tained by feedback; the tunnel di- 
ode provides overdrive with its 
switching behavior. 

Each circuit has its advantages. 
Advantages of blocking oscillator 
stage are: only a low energy trig- 
ger is required; amount of over- 
drive is easily controlled by vary- 
ing R,. 

Advantages of tunnel-diode stage 
are: the triggering threshold is 
stable and is determined only by 
the tunnel diode; overdrive energy 
is supplied fast due to the tunnel 
diode’s high switching speed, re- 
sulting in a lower delay time; the 
circuit can reject multiple input 
pulses. 

Although the principal use of 
avalanche switching is generation 
of pulses, the ability of the tran- 


sistor to perform as a good switch 
can be used in nonpulse applica- 
tions. 

The ratio of off resistance to 
on resistance can be high. The on 
resistance, R,,,, and the factors in- 
fluencing it have been discussed 
previously. 

The off resistance can be found 
by Rae = tha = Te/ Vee. 

The maximum value of R.,; oc- 
curs when I, = I¢zz, but avalanche 
action is optimum when /, is such 
that: V. = BV ess. The V-l, curve 
in the region of the knee (V, = 
BVcer, Ic = Icer) is important and 
the sharper the knee is, the better 
avalanche switch the transistor will 
be (see Fig. 6E). The knee of a 
good transistor will be less than 1 
microamp at 150 volts, which re- 
sults in R,... of 150 megohms. 

An application of the transistor 
as a switch is shown in Fig. 7B. 

Capacitor C is charged through 
Q, and discharged by avalanching 
Q.. Characteristics of Q, are shown 
in Fig. 7A. Such a unit can provide 
a constant current over a wide 
range of V,,. This transistor pro- 
vides a constant current for charg- 
ing C, thus producing a linear 
sweep. The voltage across C is 
limited to BV,;., of Q.. Current I, 
of Q. must be greater than the 
charging current set by R, or the 
circuit will free-run. 

Sweeps of 2.5 microseconds at 
135-volt amplitude were obtained 
with the circuit, for a 2-milliamp 
charging current. Retrace time 
was 25 nsec. 

Key parameters of avalanche 
transistors are BVcrs and I,. Sec- 
ondary parameters are the knee 
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characteristics and the locus of J,. 
The spread in these parameters for 
transistors is large. 

The ideal avalanche transistor 
would have an optimum BVers, usu- 
ally the higher the better, and an 
I, high enough so that dissipation 
would limit the value of J, to less 
than 7,. Unfortunately, the circuits 
will probably be designed around 
the device and selection of transis- 
tors will be required for optimum 
performance. For most applica- 
tions, specification of BV,,, and I, 
should suffice in obtaining repro- 
ducible performance. 

Certain techniques can make the 
circuit more transistor proof. A 
common departure from the ideal 
transistor is the unit which has a 
high BV,,, but a low J,, for ex- 
ample 2N1505. Figure 8 indicates 
that a zener diode placed across the 
collector-emitter of the avalanche 
transistor will prevent the collector 
from reaching BV,,x, and the cur- 
rent in the transistor 
reach J,. 

This means this circuit cannot 
free-run. As long as BVexs is 
greater than zener voltage V., and 
LV.rx is lower than V,, the com- 
bination will avalanche, although 
the avalanche output will be low- 
ered by the value BV,,, — V.. Trig- 
gering sensitivity also will be de- 
creased. 

Transistors with higher break- 
down voltages will enable the cir- 
cuit designer to obtain with solid- 
state devices high-speed pulses 
that can presently be obtained only 
with vacuum tubes. 

The author acknowledges’ the 
help of W. Karlotski. 
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FIG. 7—Characteristic of a selected 2N1335 (A); avalanche sawtooth 
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FIG. 8—Zener diode protection of transistor junction 
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(F) 
L. = 0.05263 R/F WHERE 
i, 7/218 AT 60 CPS 


R=OHMS AND f=FREQ IN CPS, 
Low = R/4560 (EACH WINDING) 
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AT 60 CPS: L_.=R/II40. 
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Improving Rectifier Circuits 


By G. FRANKLIN MONTGOMERY, National Bureau of Standards, Washington 25, D. C. 


SINGLE-PHASE a-c power supplies 
are usually based on either the full- 
wave bridge (A), full-wave half 
bridge with a center-tapped source 
(B), half-wave rectifier (C) or 
voltage doubler (D). Half-wave and 
doubler circuits are economical but 
have poor load-voltage regulation, 
relatively large ripple and excessive 
peak rectifier current. 

Bridge and half-bridge rectifiers 
can be used with an inductor-input 
filter to reduce peak rectifier cur- 
rent. If the input inductance is 
made greater than the critical 
value’, the inductor current becomes 
continuous. Load-voltage regula- 
tion and smoothing are much im- 
proved compared to circuits where 
input inductance is small or zero. 

Unfortunately, adding an induc- 
tor to the half-wave circuits of (C) 
and (D) merely limits the peak 
rectifier current. Ripple is not es- 
sentially reduced, and regulation 
ma, be poorer than with no induc- 
tor.” The single rectifier of (C) 
must be cut off during some part 
of the a-c cycle or rectification will 
not occur. Consequently, current to 
the filter must be_ interrupted, 
whether the filter includes an in- 
ductor or not. A large input induc- 
tance extends the conducting in- 
terval of the rectifier, but at the 


expense of reduced output voltage 
and maximum output current. 

In circuit (E£),, diode D. in shunt 
with. the filter input provides a 
path for the ‘inductor current 
when D, is cutoff, and the cur- 
rent to the filter will be uninter- 
rupted if L is chosen to exceed the 
critical inductance. Although two 
rectifiers are used, the circuit is 
still a half-wave circuit as far as 
the source is concerned, the source 
current being zero during the nega- 
tive half-cycle of the source volt- 
age. If L is sufficiently large, the 
inductor current is nearly constant 
and equal to the load current. Each 
rectifier conducts this current for 
exactly one half-cycle. For a sinu- 
soidal source of rms potential E, 
the load voltage is 0.45 FE, assum- 
ing no d-c drop in the inductor and 
rectifiers. 

Circuit (EF) is convenient for a 
well-regulated and filtered 50-volt 
d-c supply operating directly from 
a 117-volt a-c line and makes pos- 
sible a useful modification of the 
usual half-bridge supply. In (F), 
switching rectifier D. from a to b 
halves the output voltage without 
sacrificing regulation. 

A similar improvement of the 
voltage doubler is achieved by using 
a filter inductor having two equal 


windings. Three possible variations 
are (G), (H) and (1), two of which 
use a center-tapped inductor. In all 
cases, the source current is commu- 
tated between the two inductor 
windings. If the inductance of each 
winding is sufficiently gréater than 
the critical value, each rectifier 
conducts a current equal to twice 
the load current for one half-cycle. 
For a sinusoidal source of rms po- 
tential E, the load voltage is 1.8 F, 
assuming no d-c drop in the induc- 
tor and rectifiers. These circuits 
make possible a 200-volt d-c supply 
operating from a 117-volt a-c line, 
with peak rectifier current limited 
to essentially twice the load cur- 
rent and voltage regulation supe- 
rior to the usual voltage doubler. 

The critical inductance (L., Lu 
and L,,.) is the smallest inductance 
that will maintain a continuous in- 
ductor current. If the input induc- 
tance is less than critical for a par- 
ticular load current, both rectifiers 
will be cut off for some fraction of 
the a-c cycle, and the load voltage 
will rise considerably above its 
value for heavier loads. 
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Antenna Efficiency = |» : 


eee a ea 
COUPLER ANTENNA 
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efficiency from transmitter to radiated power FIG. 1—Block diagram shows 

= ’ coupling of final output stage of 
transmitter to the electrically short 
antenna 














Nomograms help estimate conversion 
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10.1 4- 0.16 r 
IN LOW-FREQUENCY SYSTEM DE- 


SIGN, a knowledge of the radia- 2.53 + 0.08 vs 
tion capability of the antenna is a 
necessary. The designer must be Sw 0632+ 0.04 
able to predict the conversion ia. 
efficiency from transmitter out- 
put power to useful radiated 
power, compatible with the in- 
formation bandwidth. The nomo- 
grams in Fig. 2 and 3 help esti- 
mate this conversion efficiency. 
They should be regarded as an 
extension of an earlier reference 
sheet.’ 

Figure 1A illustrates a tech- 
nique for coupling the electri- 
cally short antenna to the final 
output stage of the transmitter. 

Given a certain antenna size, 
operating frequency and band- 
width requirement, the tech- 
nique finds attainable conversion 
efficiency. Conversely, for a 
given transmitter capability, 
radiated power and information 
bandwidth, the technique finds 


conversion efficiency and antenna - q 


~*~ 
0,158 0,02 
a 
0.0394+001 ™ 
0,00098 + 0.005 


0.00025 +- 0.0025 


HEIGHT IN FEET 


0,00006 +- 0.0012 


RADIATION RESISTANCE IN OHMS 
ELECTRICAL LENGTH IN WAVELENGTHS 
FREQUENCY IN KILOCYCLES 











FIG, 2—Radiation resistance nomogram for vertical short 
monopole antenna, valid for lengths up to 0.1 wavelength 
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Sine wave, square wave or pulse output all in one unit 
Continuously variable frequency, amplitude and pulse width 
Positive or negative pulse output 


APPLICATIONS: 
Provides inputs for measurement of audio amplifier gain and frequency response 
Triggers pulse-forming networks 
Supplies audio bridge power 
Tests filter response 
Modulates RF carriers 
Provides inputs for measurement of time constants 
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size in a given case. 

Under the tuned condition in 
Fig. 1B, the reactance of the 
tuner is adjusted to equal the an- 
tenna reactance, and Q = f,/BW 
= X,/R, where f, is the operat- 
ing frequency, BW the circuit 
bandwidth, X, the antenna react- 
ance at frequency f,, R = R, + 
R, the total circuit resistance, R, 
the radiation resistance and R, 
the added dissipative resistance. 

To use the equation, antenna 
reactance is expressed as X, = 
31.9 (A/h) where (A/h) is the 
reciprocal of the antenna electri- 
cal length. This was derived and 
presented in Fig. 4 of Reference 
1. It is valid for short, thin 
vertical monopoles, that is, when 
electrical length is less than \/16 
and for height-to-radius ratios 
60 to 90. 

Normalized bandwidth B = 
BW/f, = (R./31.9) (h/r) + 
12.6 (h/d)*. Normalized = effi- 
ciency of conversion ny = R,/(R, 
+ R,) 12.6 (h/d)*/B. 

The nomograms relating the 
variables of these equations are 
given in Fig. 2 and 3. On each 
nomogram is a reference con- 
struction line. 

As an example of a problem 
solution, suppose that 4 watts of 
radiated power are required, and 
a bandwidth of 3 Kc is required. 
Assume the transmitter output 
at 100 Ke is 1,000 watts. Size 
of the vertical stub antenna is 
to be determined, assuming no 
antenna top loading. 

First compute. normalized 
bandwidth, 8 = 0.03, or 3 per- 
cent. 

Next compute efficiency » = 
Ps aiccasP awa = 0004, or OA 
percent. 

Enter Fig. 2 with these values 
and read h/A = 0.02, and R, = 
0.16 ohms. 
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FIG. 3—Nomogram for determining efficiency in percent of short 
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monopole 


antenna, valid for lengths up to 0.1 wavelength 


Enter Fig. 3 with this value 
and the operating frequency, 
100 Ke, and read the antenna 
height as 140 feet. The total cir- 
cuit resistance can be estimated 
from Fig. 2 as R ~ 40 ohms. 

Entries into the nomograms 
can be made in different order, 
depending on the known and 
desired information. Approxima- 
tions were made in the deriva- 


tion, restricting usage to electri- 
cal lengths less than A/16 and 
thin vertical antennas. Accept- 
ing a small loss in accuracy, elec- 
trical lengths up to 0.1 A can be 
considered. 
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Only this label can assure you of Air Express priority service 


Let’s clear up a frequent misunderstanding: AIR EXPRESS is not a general term for all air cargo. It’s 
a specific air-ground shipping service: AIR EXPRESS Division of R E A Express. Many businessmen 
learn this the hard way. They assume that the famous AIR EXPRESS advantages of jet speed and door- 
to-door service apply to all air shipping companies. It just isn’t so. There’s only one way to be 
sure your shipment is first on, first off, first there—via —— 

all 35 scheduled U. S. airlines. Or gets kid-glove handling 

throughout the U. S. and Canada. And that’s to be sure Al hae EXP te | SS 


it gets this label. If it doesn’t... it’s not AiR EXPRESS. 


& CALL AIR EXPRESS DIVISION OF RE A EXPRESS ° GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 





RESEARCH AND DEVELOPMENT 





Converter Samples Analogs at 5 Me 


ANALOG-TO-DIGITAL conversion tech- 
nique permits sampling speeds of 
5 million per second with an eight- 
bit parallel binary output. Pulses 
less than 0.3 psec can be digitized 
because of the 20 nanoseconds aper- 
ture time. 

The converter was developed by 
Raytheon and has been delivered 
to the Applied Physics Laboratory 
at Johns Hopkins University. A 
wide variety of military, industrial 
and scientific applications are also 
expected for the converter. With 
optional input and output arrange- 
ments, it can readily be adapted to 
many systems’ requiring high 
sampling rates. 
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Simplified block diagram shows 
parts of pulse distributor and ana- 
log storage system that permit 
high sampling speeds 
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Synchronous and asynchronous 
modes of operation are possible. 
In the asynchronous mode, sample 
timing is determined by a crystal- 
controlled internal clock that is ac- 
curate within 100 cps at the 500-Mc 
clock frequency. A timing signal 
is provided on a separate line at the 
same time as the readout pulses. 

In the synchronous mode, an ex- 
ternal pulse can be applied at con- 
stant or intermittent rates up to 5 
Mc to initiate the sampling process. 
Output for either mode is parallel 
six, seven or eight binary digits. 
Bipolar input and binary coded 
decimal output can also be ac- 
commodated. 

The converter compresses the 
time interval between readouts to 
that required to produce a single 
bit. This increased speed is made 
possible by taking additional sam- 
ples before previous samples have 
been completely processed. 

The analog input is fed to an 
amplifier that drives a set of speci- 
ally designed delay lines. The de- 
lay lines store the analog for 
processing, delaying it in incre- 
ments of 200 nanoseconds. Output 
from each delay line goes to a com- 
parator where it is compared to 
the signal that has already been re- 
ceived at the next more significant 
comparator. A comparison is made 
at each comparator when the par- 
ticular comparator is pulsed by a 
sample pulse distributor. The 
sample pulse distributor also has 
taps at intervals of 200 nanosec. 

Each comparator either sets or 
resets an associated flip-flop. The 
flip-flops in turn drive delay-line 
shift registers. The shift registers 
delay the decision at the less sig- 
nificant comparators to match the 
delay of the analog signal to them. 

For an eight-bit unit, the com- 
plete digitized output appears in 
parallel at the delay line registers 
after 1.6 psec (8 times the 200 
nanosec delay). These delayed 
level outputs are then fed to gated 
pulse amplifiers that are fired by 
the delayed output of the sample 
pulse distributor. Readout is de- 
layed so all pulse outputs can oc- 


cur simultaneously within 20 nano- 
sec. 

The converter begins processing 
the next sample before completing 
processing of the preceding sam- 
ple. The eight-bit unit handles 
eight samples simultaneously in 
different stages of completion. 

The aperture time during which 
the converter can accept a sample 
is the maximum difference in delay 
between the pulse distributor and 
the associated analog storage delay 
line, which is 20 nanosec. With 
this narrow aperture, a sample- 
hold circuit is unnecessary if in- 
put remains constant within half 
a count, or 0.2 percent during the 
20-nanosec period for the eight-bit 
unit. 

Accuracy is specified as 0.39 per- 
cent +4 of the least significant 
digit. The 0.39 percent is the 
maximum allowable nonlinearity in 
the input amplifier that will permit 
digital output to represent analog 
input voltage +1 count. As ampli- 
fier nonlinearity is reduced, con- 
verter accuracy approaches’ the 
quantization error of +4 of the 
least significant bit inherent in any 
digital device. The finite noise and 
hysteresis in the converter consti- 
tute 1/5 count. If total accrued 
errors are at the most equal to the 
quantization error, over-all  ac- 
curacy is within +1 count. 

Seven basic modules constitute 
the majority of circuits in the con- 
verter. The unit is typewriter size 
and weighs about 20 lb. 


Laser May Function As 
Space Vehicle Radar 


EXPERIMENTAL system using light 
instead of microwave energy may 
perform the function of long-range 
radar in outer space. The small, 
light-weight equipment has low 
power requirements, making it 
feasible to launch in a satellite. 
The coherent light detecting and 
ranging system (Colidar) was an- 
nounced by Hughes Aircraft Com- 
pany. Operation is comparable to 
radar except that the output signal 
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NEW MEDIUM-MU 


SERIES REGULATOR TUBE 


7802WB 


Brings together an optimum combination of 
characteristics that makes it ideal for applica- 
tions in tough environmental extremes. 


The 7802WB twin-triode, medium MU companion to the popular 
6080WB, is the newest in the broad Tung-Sol line of rugged, high 
temperature, long-life series regulators. It combines many out- 
standing operational and design features in an optimum package 
of peak efficiency and dependability. 


CONS/DER JUST THESE FEATURES: 


@ High perveance ... Makes the 7802WB an excellent choice for 
applications requiring high plate current at low plate voltage. 


® Medium-mu ... Makes only very small signal voltages necessary 
for precise 7802WB control. 


Extra-tight tolerances . . . Plate current and transconductance 
are held to rigid limits to provide greater balance between tube 
sections. This is of particular significance where many sections 
are operated in parallel. 


High temperature operation . . . Extensive use of ceramics for 
heater-cathode acl: tag anode standoff insulators and element 
spacers. The graphite anodes used are warp-free and dimension- 
ally stable regardless of operating temperatures. Non-char, 
glass-bonded mica material is employed in the tube base. 


Top-performance in environmental extremes . . . Where elec- 
tronically regulated power supplies must perform under severe 
conditions of shock vibration and high altitude, the 78302WB 
demonstrates long, trouble-free life, assured by both tube de- 
sign and specifications. 


Complete technical details on the 7802WB will be furnished imme- 
diately on request. A description of the full-line of Tung-Sol series 
regulator fubes is also readily available. Tung-Sol also invites you 
to outline your design needs to us. Our application engineers will 
gladly evaluate your circuit and outline the component which will 
best meet your requirements. Tung-Sol Electric Inc., Newark 4, 


N. J. TWX:NK193 
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Technical assistance is available through: Atlanta, Ga.; Columbus, 
Ohio; Culver City, Calif.; Dallas, Texas; Denver, Colo.; Detroit, Mich.; 
Irvington, N. J.; Melrose Park, Ill.; Newark, N. J.; Philadelphia, Pa.; 
Seattle, Wash. In Canada: Abbey Electronics, Toronto, Ont. 
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Taming the sun’s energy 


to solar battery needs 


Bausch & Lomb optical/electronic/mechanical 
capabilities increase cell efficiency 


The only trouble with solar energy for satellite power supply 

is that there’s too much of it. Only about 10% of the sun’s radiation 
can be transformed into electrical energy. The remaining 

90% just heats the solar cells, reducing their efficiency. 


Bausch & Lomb coatings enhance the efficiency of solar cells 

by allowing them to operate at cooler temperatures. “Blue” (see 
typical curve) coatings—selectively absorb the radiation needed to 
energize the cells. The ‘““Red-blue” coatings bounce the hot infra-red 
radiation back into space (see typical “‘red-blue” curve) . 


Find out how B&L capabilities can help out on your next project— 

in design, development and production. Ask for our technical reports: 
Bausch & Lomb Incorporated, Military Products Division 

61416 Bausch Street, Rochester 2, N. Y. 


TRANSMISSION OF TYPICAL BAUSCH & LOMB 
—t——-T BLUE SOLAR CELL COVER 
| 


OF TYPICAL BAUSCH & LOMB 


- a a ae REO BLUE” INTERFERENCE FILTER FOR SOLAR CELLS 


% TRANSMITTANCE 
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700 00 1300 1300 1800 1700 1900 2100 
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is generated by a laser. 

The transmitting function in- 
volves propagation of the nearly 
parallel, almost monochromatic 
light beam of the laser. The re- 
ceiver is an optical system that 
couples light reflected from a target 
to a photoelectric tube. Like con- 
ventional radar, light pulses trans- 
mitted to and reflected from an ob- 
ject provide range, range rate, 
angles and angular rates of the 
target relative to the transmitter. 

A working model of the system 
has a range of nearly six miles 
even with the attenuation caused 
by the atmosphere. At this dis- 
tance, the system discriminates be- 
tween two 10-ft wide diffuse gray 
objects side by side with the tar- 
gets reflecting only 10 percent of 
the incident light pulse. 

Longer ranges are foreseen using 
the narrow beam of the laser. Re- 
finements in beam _ formation, 
power sources and receivers are ex- 
pected to permit the Colidar to op- 
erate over hundreds of miles in 
space with slight power expendi- 
ture. 

Wavelength of output from the 
ruby maser is 6,943 angstrom 
units, and the ruby crystal is 
inch in diameter and 1} inches long. 
When the spiral flash tube sur- 
rounding the ruby is discharged, 
the highly collimated red light 
beam emerges from the partly 
transparent silvered surface at one 
end. Pulse power outputs of more 
than 1 Kw have been observed. 
Beamwidth is less than a half deg, 
spectral line width less than 0.01 A. 

By feeding laser output through 
a lens system, beamwidth can be 
narrowed considerably. Because of 
this characteristic, gain can be in- 
creased sufficiently to enable its use 
in systems like the Colidar. 

The receiver is a 38-inch tele- 
scope with an 8-inch diameter mir- 
ror for collecting and focusing 
incident light. Because only the al- 
most monochromatic light from the 
laser is of interest, a narrow-band 
filter reduces noise effectively. 

A light pulse initiates a signal 
that triggers the pump power for 
the laser. The light from the laser 
passes through a lens and shutter 
to form the transmitted light pulse. 
The emerging light pulse from the 
laser in turn triggers a signal that 
is used as a time base for range 
and rate measurements. 
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Filters Aid Offshore 
Seismic Exploration 


SUBSURFACE maps of ocean floors 
can be made more accurate as a 
result of specially designed filters. 
In some cases, accurate seismo- 
graphic exploration of subsurface 
formations had not even been pos- 
sible without the filters. 

Geologists seeking the subsur- 
face structures in which oil is likely 
to be found encountered severe in- 
terference. After more than four 
years of research, personnel at 
Gulf Research & Development Com- 
pany working with a large com- 
puter acquired sufficient informa- 
tion to filter out the interference. 

Following detonation of a seis- 
mic charge, sound waves travel 
through a hard bottom like that in 
the Eastern Gulf of Mexico much 
faster than they travel through 
water. Conversely, waves travel 
much slower through a soft bot- 
tom such as that of Lake Mara- 
caibo in Venezuela than through 
water. When sound waves undergo 
a large change in velocity, much of 
their energy is reflected back to- 
ward its origin. 

When sound waves under water 
encounter this condition, they are 
reflected back and forth between 
the bottom and the surface. Sound 
picked up by hydrophones under 
water after a seismic explosion is 
accompanied by these reflections. 
Tape recordings: are characterized 
by smooth, undulating waves, with 
the jagged seismographic record- 
ings that normally delineate sub- 
surface layers blotted out by the 
interference. 

To map this kind of bottom re- 
quired that the undesired reflec- 
tions be removed while the required 
information was retained. To solve 
the problem, an IBM 704 computer 
was used to try a large number of 
theoretical answers rapidly. With 
sufficient information about the 
characteristics of the interference 
and the conditions under which it 
was produced, it became possible 
to design complex electronic filters 
to remove it. 

The filters have enabled geologi- 
cal teams to map large areas of 
Lake Maracaibo, which previously 
had defied seismic exploration be- 
cause of the mucky bottom. 
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Tubing, Sleeving 
Insulated Wire 


SHEN RESISTARCE 
E 


HYGRADE SR-398 SILICONE RUBBER-COATED FIBERGLASS SLEEVING 


A superior silicone rubber compound over fiberglass produces a tough, nearly glass-smooth 


| surface for higher abrasion and cut-through resistance. Tested to MIL-T-5438 specs. Tensile 


strength 1000-1200 psi, yet expands to slip over terminals, connections. High dielectric strength 
(8000v) maintained even after continuous use at rated 210°C temperature. 


HYGRADE SR-404 FIBERGLASS REINFORCED SILICONE RUBBER SLEEVING 


Highest cut-through resistance obtained by use of high strength rubber compound with em- 
bedded fiberglass braid reinforcement. Exhibits almost no longitudinal stretch, yet expands 


| in diameter and returns to normal size; especially useful where sieeving must slip over odd 
| shapes in installation. Excellent corona, oil resistance. Available only in larger sizes. 


FLEXITE SR-200 SILICONE RUBBER EXTRUDED TUBING 


The answer where superior flexibility is required. Rated for continuous use at 200°C, yet 
equally suitable for low temperature applications. Outstanding elasticity, durability, compati- 
bility, and electricals. Excellent corona resistance makes FLEXITE SR-200 the first choice for 
high-voltage, high-temperature uses. Performs to MIL-R-5847C specifications. 


FLEXLEAD SILICONE RUBBER INSULATED WIRE AND CABLE 


Extruded silicone rubber insulation over a variety of conductors from solid to extra flexible. 
Combines outstanding electricals with high resistance to corona, oils, abrasion and weathering. 
Meets MIL-W-16878C (600v and 1000v ratings). Special cables with jackets of braided fiber- 
glass or metal shielding are engineered and manufactured to your specification. 


Write, phone, or wire for test samples and additional data. 


L.FRANK Bove\si.4s 8 & SONS 


SINCE 1922 


AL SOURCE for EXCELLENCE in 


Insulating Tubings, Sleevings, and Lead Wire 
NORRISTOWN, PENNSYLVANIA 
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COMPONENTS AND MATERIALS 





The Role of Rhenium in Electronics 


MANY FAILURES in filaments, grids 
and heaters in electronic tubes re- 
sult from embrittlement of the 
wire caused by recrystallization at 
high temperatures. This can cause 
catastrophic failures in critical 
guidance or control systems for 
space satellites and communication 
installations. 

Rhenium-molybdenum alloys do 
not become embrittled upon recrys- 
tallization as do tungsten and pure 
molybdenum, the two metals most 
commonly used for these purposes. 

The ductility of rhenium-molyb- 
denum alloys permits fabrication 
or forming either cold or warm. 
Cold drawing is particularly im- 
portant in the fabrication of com- 
ponents for electronic tubes as it 
results in much better surface qual- 
ity, less danger of contamination, 
and improved properties of the 
wire following initial warm break- 
down operations. 

The first commercial production 


Spotting Tiny Defects 


Leakages and cracks in transistors 
and diodes are detected by fluores- 
cent penetrants perfected by Mag- 
naflux Corp., Chicago. Components 
are inspected under high-intensity 
black light in a darkened area. 
Although Zyglo and Zyglo-Penetrex 
principles are not new, new develop- 
ments broaden the range and sensi- 
tivity of these materials 
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of these alloys’ will make available 
improved materials to solve elec- 
tronic materials problems at a cost 
significantly below that of pure 
rhenium. 

Rhenium products are used in 
critical components. The material 
is extremely dense, silver-colored 
metal with a melting point of 5,756 
F, a good combination of strength 
and ductility, and excellent electri- 
cal characteristics even at elevated 
temperatures. Only tungsten has 
a higher melting point. 

In this country sales of rhenium 
have jumped 400 percent in the 
past four years. The importance of 
rhenium and rhenium compounds 
in electrothermics and metallurgy 
was gleaned by several papers de- 
livered last year at the Electro- 
chemical Society meeting’*. Appli- 
cations for rhenium alloys were 
promised for thermocouples, elec- 
trical contacts, and vacuum tube 
parts. 

Molybdenum is a refractory metal 
with a melting point of approx. 
2,600 C. It is one of the most widely 
used high-temperature metals and 
is used for structures as well as for 
tube components. 

Molybdenum’s most serious 
drawback is that it becomes em- 
brittled in the crystallized condi- 
tion, at below 20 C. 

Successful alloying of rhenium 
and molybdenum represents a com- 
bination of the best characteristics 
of both metals. Elevated tempera- 
ture strength exceeds that of 
molybdenum, while very good duc- 
tility is retained all the way down 
to the cryogenic range, minus 450 
F. 

Rod, wire and strip products are 
now available in 50 Re — 50 Mo, 
and 40 Re — 60-Mo (wt percentage) 
alloys. 

Studies have been made of re- 
crystallization of rhenium and of 
alloying with tungsten, nickel (in 
Ni-Cr alloys), and with titanium 
and its alloys. Rhenium additions 
improve both room and elevated 
temperature properties and_ in- 
crease the initial recrystalization 


temperatures. Solid solution tung- 
sten alloys have increased work- 
ability and electrical resistance. 

Data on fabrication of refrac- 
tory alloys containing rhenium has 
been compiled‘, as well as informa- 
tion on powders giving the best re- 
sults for blending, pressing, swag- 
ing, and drawing of fine wires 
(0.001-in.). A study has_ been 
started to develop the application 
of these alloys in the fields where 
their unique properties are the 
most valuable. 


REFERENCES 


(1) J. H. Port, Manager, Rhenium Di- 
vision of Chase Brass & Copper Co., a 
subsidiary of Kennecott Copper Corp., 
Waterbury, Conn. 

(2) G. B. Gaines, Rhenium in Electron- 
ics, Batelle Memorial Institute, Columbus, 
Ohio, Electrochemical Society Meeting, 
Chicago, May 1-5, 1960. 

(3) E. M. Savitski and M. A. Tylkina, 
Certain Physical Properties of Rhenium 
and its Alloys, Institute of Metallurgy of 
the Academy of Sciences of the U.S.S.R., 
Moscow, U.S.S.R., same meeting as above. 

(4) Marie-Louise Jungfleish and Henri 
Ruff, Process for Producing Pure Rhe- 
nium and its Components, Ets Ch. Berto- 
lus, Belgrade, France, same meeting as 
above. 

(4) J. C. Lachman and J. A. MceGurty, 
Thermocouples for 3,000 C Using Rhe- 
nium Alloys, Aircraft Nuclear Propulsion 
Dept., General Electric, Cincinnati, 0O., 
same meeting as above. 


Ion Exchange Unit 
Recovers Lost Gold 


A COMMERCIAL UNIT for recovering 
gold lost in electroplating was in- 
troduced by Technic, Inc., a large 
producer of precious metal solu- 
tions for plating. 

Until now between 4 and 10 per 
cent of all gold used in electroplat- 
ing has simply gone down the drain, 
said F. K. Smith, president of the 
firm which is based in Providence, 
R. I. The loss to the plating indus- 
try runs to millions of dollars a 
year. Smith said, however, that 
one electroplater, using the new 
special resin Gold Saver on a trial 
basis, will recover enough gold in 
less than three months to pay for 
the unit, “and everything saved 
after that is ‘found money.’” 

The gold saver is designed to be- 
come part of the gold plating proc- 
ess. Basically, the unit consists of 
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HAVE SOLVED THESE DESIGN PROBLEMS 


p> they can also be the Answer to Yours! 





Frem the broad line of Allen-Bradley quality ferrites, more and 
more designers are finding they can obtain the exact char- 
acteristics to meet their specific needs. Allen-Bradley’s precise 
quality contre] methods insure continuously uniform electrical 
and mechanical properties—and A-B has the facilities for 
supplying ferrites in quantity. Listed below are a number of 
areas in which A-B ferrites have helped the manufacturer to 
reduce the product size or weight, or cost, and frequently the 
performance has been improved. If you have problems along 
this line, please let our engineers work with you in solving them. 


Voges 


APPLICATION A-B FERRITE 
TELEVISION, RADIO W-03 
Deflection Yokes 


Flyback Transformers 


Il. F. Transformers 
R. F. Tuning Coil 
(fixed or 
permeability tuned) 


TELEPHONE SYSTEMS 
Interstage and 
Matching Transformers 


H. F. FLUORESCENT 
LIGHTS 
Loading Reactors 


Transformers 


HI-Fl STEREO 
Oscillator Inductors ae 
Output Transformers 


AUTOMATIC MACHINE 
TOOLS 
Magnetic Amplifiers oo 


Logic elements for 
high-power levels 


Matching Transformers 


MOBILE POWER SUPPLIES 

Static Inverters 

RADAR, MISSILES W-04 

Pulse Transformers R-02 (for short 
pulses) 


PERMANENT 
MAGNETS 


PREFERRED CHARACTERISTICS 


High permeability 
High resistivity 


Low losses, high Bmax, high 
permeability, high Curie temp 


Low residual with large gap 


Low losses at low amplitudes. Good 
temperature stability of permeability 


Low losses. Temperature stable 


permeability, minimum hysteresis 
for permeability tuning 


High permeability, 
low losses 


High flux density 

High permeability, low 
losses, high Bmax 
High permeability, 
temperature stable, 
linear B vs. H 


High permeability, high 
Bmax, low losses 


Rectangular hysteresis 
loop, high Bmax 
Rectangular hysteresis 
loop, high Bmax 


High permeability, low 
losses, high 8max 


Rectangular hysteresis 
loop, high Bmax 


High pulse permeability, 
high Bmax, low losses 


High energy factor 
Good mechanical strength 


Quality 
Electronic Components 


CIRCLE 99 ON READER SERVICE CARD 99 





ASSURED; 
RELIABILIT, 





-G-M provides continuous 
quality control 


Your need for a full margin of reliability 
in servo systems is matched by the con- 
tinuous quality of G-M Servo Motors 
and Generators. The extra design ex- 
perience that goes into every G-M unit 
is guided through production by test, 





| 


| 


| 


after test, after qualification test. Sizes | 


range from 5 to 18, with prompt avail- 


ability that promises quick adaptation | 
to your servo development and produc- 


tion programs. 
Qualify G-M Serves for all of your 


projects, now, in advance of actual need. 


Send procurement specs and prints, today. | 


Phone: PEnsacola 6-1800 (TWX CG-3266) 


(i- Ih Servo Motors 


G-M LABORATORIES INC 
4336 N. Knox Avenue ¢ Chicago 41 


Other o‘fices in principal cities 


100 





Gold headed for drain now aimed 
for pocket 


a column of special resin, small 
“BB” size particles, which capture 
gold in solution that now is being 
lost; a pump for circulating through 
the resin column the water in which 
the gold is dissolved; and pipes, 
hoses, and connections’ between the 
pump and the special resin column. 

After an item is plated with 
gold, it is immediately immersed in 
a tank of water to rinse off and 
save the plating solution, which fre- 
quently costs between $40 and $50 
a gallon. This rinse tank is called 
a drag-out tank. 

Over a period of time, the con- 
centration of gold solution in the 
drag-out tank builds up until, be- 
cause of its gold content, it is worth 
possibly $10 a gallon. Periodically 
contents of this tank are added to 
the gold plating tank to keep the 
plating solution at a workable level 
and to recover some of the gold. 

In the past, the plated item was 
then rinsed in running water, and 
the gold drag-out from the drag-out 
tank was lost. 

The gold saver comes before this 
running water rinse. The unit is 
attached to a tank into which the 
plated item is dipped, after the 
drag-out tank. The pump con- 
tinuously circulates the solution 
through the special resin trap, 
where the gold is picked up. The 
work, free of gold, is then rinsed in 
running water. 

When the resin is completely 
saturated. with gold it may be 
burned by the plater to recover the 
gold, sent to a refiner, who would 
also recover the gold by burning, 
or it may be returned to the Tech- 
nic laboratories for reclaiming. 
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WHY 


MAJOR C. R. TUBE MFGRS. 


RECOMMEND VOKES 


SYNTRONIC 


Syntronic yoke procedure originated the 
industry standard for specification cor- 
relation between yoke, c. r. tube and 
circuitry. For a helpful, time-saving 
checklist covering all physical and 
electrical yoke parameters and their 
determining conditions, request 
ELECTRONICS reprint #12-59. Thor- 
ough correlation enables Syntronic to 
guarantee accepted specifications. 


Call your nearest SYNTRONIC REP today 
Boston-New Eng.: NOrwood 7-3164 
New York Area: OXford 5-0255 
Phila. Area: MOhawk 4-4200 
Wash.-Balt. Area: APpleton 7-1023 
indianapolis: Victor 6-0359 
Los Angeles: CUmberland 3-1201 


SyNtTONIC 


fAOoTRUMENTS, INC. 


4 


2 


The Industry's broadest yoke line... already tooled 
for quantity production. Or, yokes can be custom de- 
signed to your precise requirement. 
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The Gold Saver is designed for 
any acid or non-free cyanide golds, 
such as Technic’s 24K acid, Oro- 
therm HT, Orosene 999, or HG non- 
free cyanide gold baths. 

Similar ion exchange traps for 
cyanide golds, rhodium, palladium, 
and platinum already are under de- 
velopment or test. 


Low-Temperature Solder 
Has Lower Resistivity 


USUAL SILVER SOLDERS made with 
epoxy binders sacrifice good ad- 
hesion to get low resistivity. Avail- 
able conductive epoxies can have 
resistivity values of 0.1 to 1 ohms 
cm. But good bonding has been a 
problem when much lower resistivi- 
ties are desired. Epoxy solders have 
two advantages over conventional 
soldering or brazing. They can be 
used at low temperatures for sol- 
dering heat-sensitive components, 
and they have no flux or residue 
that may contaminate a sensitive 
electronic device. When used with 
dissimilar metals, epoxy solder of- 
fers a bonding technique where 
no other type of soldering or braz- 
ing would be possible. 

Problems involved in the use of 
low-temperature solders that re- 
quire much lower resistances have 
been solved by a silver conducting 
epoxy that has a resistivity ap- 
proaching that of metals: between 
0.01 ohms cm and 0.001 ohms em’. 

This epoxy solder is available in 
two paste forms: a one-component 
heat-curing paste (as low as 125 
C); and a two-component room- 
temperature cure’ paste. This 
solder is now used in field-repair 
work, particularly on crowded 
printed circuits where higher 
solder temperatures can damage 
heat-sensitive components. 

This new solder makes a good 
conductive bond with practically 
any material. Shear strength of a 
steel-to-steel bond is 3,200 psi. 

Typical applications include 
bonding tube caps to the glass tube, 
bonding the tantalum slug to the 
can of a tantalum capacitor, and 
grounding aluminum capacitors to 
steel chassis. 

REFERENCE 

(1) Vinee Sussman, Vice Pres. of Engi- 

neering, Epoxy Products, Inc., a Division 


of Joseph Waldman & Sons, 137 Coit 
Street, Irvington, N. J 
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Up: {O 19.6% less 


cost per megohm I 


Up to 14.1% more 


~ ohms per pound! 


HOSKINS ALLOY 


S15°R 


Precision Resistor Wire 


The trouble with using only one type of alloy wire in all 
of your precision resistors is that very often you and your 
customers end up paying for something that really isn’t 
required so far as the end use is concerned. Now take 
Hoskins Alloy 815-R, for example. It’s a relatively new 
custom-quality iron-chromium-aluminum composition. 
But a number of alert and cost-conscious manufacturers 
have already found that it possesses all of the physical and 
electrical properties necessary for many precision resistor applica- 
tions. High strength, good ductility. Excellent resistance to 
corrosion. Controlled low temperature coefficient. What’s more 
—and more to the point these days—they’ve also found that 
Alloy 815-R’s lower density and higher electrical resistivity 
combine to give them very worthwhile savings. Up to 14.1% 
more ohms per pound—up to 19.6% less cost per megohm! 


Yours for the Asking—if you're a man who fancies 
such figures, we'd like to send you an eyeful—namely: 
A handy little ‘‘Cost-per-Megohm"’ Comparator, plus a 
12 page catalog that’s loaded with technical data. If you 
also happen to make precision resistors, sample spools 
of 815-R wire are available for testing and evaluation. 


Sizes from .0031" down to .0004"—Bare and enameled— Temperature Coefficients: 0 + 10ppm and 0 + 20ppm /°C. 


HOSKINS manuracrTurRING COMPANY 


4445 Lawton Avenue « Detroit 8, Michigan -« TYler 5-2860 


In Canada: Hoskins Alloys of Canada, Ltd.,45 Racine Rd., Rexdale P.O., Toronto, Ontario 


F t R t I rmo- Elect 4 
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PRODUCTION TECHNIQUES 





Photography Speeds Printed Circuit Design 


By F. E. BARROWS, 
R. S. LADD, 


IBM Federal Systems Div., Owego, N. Y. 


HIGH ACCURACY and substantial sav- 
ings in time are gained by mecha- 
nizing the preparation of artwork 
and drawings used in the produc- 
tior. of printed circuit boards. 
Mechanization is accomplished by 
templates and the rearrangement of 
commonly-used photographic and 
engineering methods. 

Layouts, prepared on forms with 
a standard grid pattern and scale, 
are converted directly to precision 
artwork. The artwork is then used 
to produce the board masters and 
production drawings. A common 
scale enables the layout and art- 
work to be checked quickly by over- 
lay methods. 

Layout and artwork are scaled 
at 2:1, allowing tolerances of 
+0.003 inch to be held in finished 
boards (+s-inch epoxy glass, 5.1 by 
11.6 inches, double-sided with 
plated-through holes). This scale 
also minimizes handling and print- 
ing costs. 

A 0.50-inch grid determines 
size and spacing of holes (minimum 
of 0.10 inch between centers), lands 
and wiring. The grid, generally 
accepted in the industry, meets en- 
gineering requirements and makes 
the boards compatible with auto- 
mated drilling and assembly equip- 
ment. Two line widths are used, the 
narrower where space is limited 
and electrical requirements are 
critical. This practice also saves 
time by focusing attention on criti- 
cal areas of the board. 

Layouts are prepared on stable, 
transparent film preprinted with 
the grid pattern, edge connections, 
mounting holes and marginal data. 
Repetitive, fixed circuit patterns 
(in a logic system) are also pre- 
printed in the 2:1 scale on films. 
These films are located on the un- 
derside of the form. Other compo- 
nents are drawn on the face of the 
form. 

Wiring is drawn in colors which 
blueprint readily. Solid, orange 
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Buttons are inserted in template over layout 


pe, a Peay: 3 


Portion of layout on standard form 


lines represent the generally hori- 
zontal wiring on the face of the 
board; broken, green lines repre- 
sent the generally vertical back 
wiring. The completed layout is 
blueprinted, checked and approved. 
Instead of proceeding from lay- 
out to detail drawings to precision 
artwork, as is customary, the art- 
work is prepared directly from the 
layout. The templates used in this 
step provide the accuracy needed. 
Templates are made of quarter- 
inch, transparent plastic. All avail- 
able hole positions on the grid 
(0.100 + 0.004 inch at the 2:1 
scale) are drilled (0.062 + 0.001 
inch in diameter). There are some 
18,500 holes for a 5.1 by 11.6-inch 


Contact printing the assembled 
template produces negative 


board. Each hole can receive the 
tenon of a brass button represent- 
ing a land. Permanently placed 
buttons represent mounting holes 
and edge connections. 

The layout is placed on a gridded 
light table and the template is posi- 
tioned on the layout. Buttons are 
inserted in the template at each 
land position. Buttons must be flush 
with the template surface for 
sharp, accurate photography. 

The template is put into a vac- 
uum contact printer with a point- 
source light. The buttons are 
placed in direct contact with the 
emulsion of a thin-base, stable film. 
Exposure is timed so the buttons 
are not undercut. The negative is 
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Our first Astronaut will be aided by an instrument designed to provide visual 
ASSISTING vs of his automatic re-entry equipment. The device is a product of 
the creative design and engineering skills of Honeywell. Components for it are 
being supplied by the Honeywell Precision Meter Division. 
QU you have a mechanism problem that’s looking for a solution. A quality product from 
Honeywell may be the answer. Just get in touch with our representative in your area — he's 
listed in the classified pages of your telephone directory. Or contact us: 
HIRST MAN: Precision Meter Division, Minneapolis-Honeywell Regulator 
Company, Manchester, N.H., U.S.A. In 


IW SPACE Canada, Honeywell Controls Ltd., Toronto Honeywell 
17, Ont. HONEYWELL INTERNATIONAL Sales and i 
service offices in all principal cities of the world. Precision,“ Mater 
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One of a series EXPLORING THERMISTOR APPLICATIONS 


makes a big difference 
ina 


time delay circuit 


Circuits like the one above are often used where 
variable or fixed delay are required. Circuit ingredients: 


a thermistor and a variable resistor, in series with a battery 


and a relay. 


With the switch closed, current flow is limited by the 
high resistance of the thermistor. The thermistor then 
heats up, permitting sufficient current flow to close the 
relay. Delay time can be increased or decreased by 
increasing or decreasing series resistance. 


This is just one example of putting the thermistor 
to work. ‘There are hundreds more — including 
temperature control, liquid level measurement, remote 

‘ control, switching, power measurement, voltage control — 
or you name it. 


There are just two kinds of thermistors, really: 
ordinary, which are good; and FENWAL ELECTRONICS’, 
which are a little bit better. One reason is that FENWAL 
ELECTRONICS has the edge in experience. We 
pioneered in this field. Another reason is that we can 
suit your application exactly — FENWAL ELECTRONICS 
has the most complete line of thermistors available 
anywhere. 





For details, application assist- 
ance, and new Thermistor 
Catalog EMC 4, write: 





51 Mellen Street, Framingham, Massachusetts 
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processed, dried, opaqued and con- 
tact printed from both sides, yield- 
ing two positive transparencies of 
the land pattern. At the same time, 
by double exposures, standard titles 
and revision blocks are added to the 
transparencies. 


Pe 


Final inspection of reduced nega- 
tive 


One transparency represents the 
front of the board and the other 
the back. These become the final 
artwork upon the addition of 
smooth, black tape, placed accord- 
ing to the layout and standards for 
line width and spacing. A final in- 
spection is made with optical in- 
struments which have etched scales 
accurate to 0.002 inch. Any defi- 
ciencies are corrected. 

The artwork is reduced to glass 
negatives. These plates are made 
with transmitted light. Trans- 
mitted light avoids surface effects 
that the tape would produce in re- 
flected light, thus avoiding time- 
consuming manual cleanup’ or 
opaquing. If the camera does not 
have a transparency holder for use 
with transmitted light, an alternate 
method can be used. A _ contact 
positive is made of the completed 
artwork and the glass negative is 
made from the positive using re- 
flected light. 

After either process, the nega- 
tives are checked with glass plate 
scales lined at 0.002-inch spacings, 
to insure correct reduction of all 


electronics 





parts. Photographic tolerances of 
+0.001 inch or less are obtained 
with a good process camera, peri- 
odically checked and aligned with 
an exact stable master and light 
collimator. 

The artwork is also used to make 
thin film positives, which are ap- 
plied to standard drawing forms. 
The forms contain all required 
marginal information, standard 
notes, dimension lines and accurate 
erids. 

Previous methods of producing 
artwork required manual side-by- 
side transfer from board layout to 
artwork form. Now, this transfer 
and its checking are quickly and 
accurately done by overlay. Mak- 
ing detail drawings from layouts 
formerly required as much as two 
weeks of manual-labor. The total 
average photographic and detail 
time with this method is three and 
a half hours. 


Gage Floats Fragile 
Parts in Air Jets 


NEW AIR GAGE measures the thick- 
ness of fragile materials without 
gage point pressure by floating the 
part between two opposing air jets. 
It was designed by the Sheffield 
Corp., Dayton, Ohio, to measure 
semiconductor dice and _ wafers, 
plastic film, sheet rubber, thin 
glass and other materials. Polished 
metal can be checked without 
scratching. 

Air flowing out of jets in the 
head and anvil caliper the parts. 
Thicknesses are indicated by posi- 
tion of the float in a Precisionaire 
column. A foot pedal can be used 
to turn on the air, allowing loading 
of very thin materials. Standard 
gages are adjustable from 0.0001 
to four inches. Maximum and mini- 
mum size parts rather than masters 
are used for calibration. 


Why CONTINENTAL makes 
“a big production” 

out of miniaturized 
connectors 


Military and commercial connector requirements in mis- 
| siles, aircraft, computers, and communication applications 
| demand ever-increasing attention to miniaturization. As 

the connector becomes smaller, the challenge to retain 

absolute reliability grows greater. 

To make sure every connector—no matter how small— 
is produced to exact specifications, Continental Connector 
maintains an impressive assortment of specially designed, 
“‘tailored-to-the-job’’ production equipment. Among these 
units are the semi-automatic bend and ‘‘V’’ machines 
(shown above), hydraulic crimping machines, contact siz- 
ing machines and automatic contact gaugers. That’s why 
we are fully prepared to make ‘‘a big production’”’ job out of 

| the smallest miniature electronic connector. 

Consult Continental Connector about your particular 
design problem — you will find it profitable to do so. A con- 
densed catalog of our complete line is available free on 
request. Write to: 





Electronic Sales Division 


DeJUR-AMSCO CORPORATION 
Northern Boulevard at 45th Street, Long Island City 1, N. Y. 
Exclusive Sales Agent 


"CONTINENTAL 
CONNECTOR 


Ree roe CORPORATION 
AMERICA'S FASTEST GROWING LINE OF PRECISION CONNECTORS 
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Miniature Wire-Wound Resistor 


1 TO 100,000-OHM 


MICROMINIATURE wire-wound  re- 
sistor type TC041 is designed for 
military and industrial applications 
where weight and space are at a 
premium. The resistor is 4 by 34 
inch, is available from one ohm to 
100,000 ohms and in power ratings 
of 0.05 watt. Temperature range is 
from —55 C to 125 C; unit meets 


Rotating Probe 
FIELD ORIENTATION 


CIRCULAR WAVEGUIDE rotating probe 
section provides a continuous 360 
degree probe rotation for meas- 
uring electrical field mode orienta- 
tion in circular waveguide. A uni- 
versal probe mounting is provided 
with thumb screw lockings at three 
different longitudinal positions. A 
vernier protractor type scale is 
provided to read rotations to 4 de- 
gree. 

Model 55 R 5C has operating 
bandwidth from 5 to 5.9 Ge and 
residual vswr of 1.02 to 1; price is 
$850. Manufacturer is Applied 
Microwave Electronics, Inc., 114 
West 25th St., Baltimore 18, Md. 
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_all appropriate military specs. 


The resistors are now being 
manufactured with pilot produc- 
tion facilities but full-scale produc- 
tion is expected within the next 
few months. Manufacturer is Reon 
Resistor Corp., 155 Saw Mill River 
Road, Yonkers, N. Y. 
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Pulse Generator 
USES Ga As DIODES 


LINE of pulse generators with high 
repetition rates and fast rise and 
fall times has been introduced by 
Texas Instruments Inc., P. O. Box 
6027, Houston 6, Texas. 

The line includes two clock pulse 
generators and a_ programmed 
pulse generator. The clock pulse 
generators include a 3 to 25 Me 
unit and a 25 to 100 Mc unit, with 
overlap to cover 3 to 100 Mc. 

Specs include: rise/fall times of 


less than four nanoseconds; a pulse 
width of less than eight nanosec- 
onds at one-half pulse height; 0-4 v 
amplitude, continuously variable; 
and output impedance of 93 ohms. 


The programmed pulse generator 
has an internal pulse repetition 
rate of from 3 to 25 Me and pro- 
vides for an external drive to allow 
repetition rates below 3 Mc. 

Specifications for the _ pro- 
grammed pulse generator include a 
repetition rate up to 25 mc; rise/ 
fall times of less than six nano- 
seconds; 0-5 v amplitude, continu- 
ously variable; and an_ output 
impedance of 93 ohms. 
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Passivated Micro-Matrices 
ACTIVE SUBSTRATES 


SILICON micro-matrices—fully pas- 
sivated active substrate diode 
arrays—are designed to customer 
specified geometry, size, electrical 
and contact requirements. The sili- 
con matrix will withstand long 
term storage at 300 C. 

Surface passivation method al- 
lows development and production 
of micro-size semiconductor devices 
having high reliability. The mat- 
rices are available from Micro- 
Semiconductor Corp., 11250 Playa 
Court, Culver City, Calif. 
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Glass Enclosure 
FOR MICRO-TRANSISTORS 


ALL-GLASS enclosure for micro- 
transistors consists of case and flat 
cover. Diameter of the enclosure 
is 150 mils, and height after seal- 
ing is 60 mils. Three coplanar, rib- 
bon leads are an integral part of 
the case. 

A glaze with a low melting point, 
applied to the top rim of the case, 


electronics 





“ppt kien. 


aes 


Sexe at 35 


~* 7 ee 
oe," 2 | 
‘eee “68 ie ai 


NOISE 
SOURCE 





UGCEDIZED 


> 4r » _ 4 


So ei 


aaa 


4o8 fete. 


Rae 
aes 


Random Noise Source 


Generates Noise From 5 cps to 500 Kcps 


Raytheon Wide Band Noise Sources 
offer many exclusive features to designers 
requiring low power, DC-operated noise 
source modules. 

For example, their small size, low 
power requirements, and rugged con- 
struction enable the design of extremely 
compact, portable test equipment and sys- 
tems capable of reliable operation over 
wide extremes of shock, vibration, and 
temperature. 

The use of DC power insures the ab- 
sence of 60 cps or other coherent signals 


in the output. Handy volume control 
with knob lock allows a wide variety of 
chassis and panel mounting arrange- 
ments. 

If you are interested in radar and com- 
munications system testing, ECM, audio 
and video testing, or other applications 
employing noise simulation, then by all 
means investigate the advantages offered 
by Raytheon’s new Noise Sources. Please 
write to: Raytheon, Industrial Compo- 
nents Division, 55 Chapel Street, Newton 
58, Massachusetts. 


For Small Order or Prototype Requirements See Your Local Franchised Raytheon Distributor. 








SPECIFICATIONS OF A 
TYPICAL MODEL (EM 1000) 


Useful Noise Output: 
Output: 
Shock: 


Vibration: 
Temperature Range: 
Supply: 

Weight: 

Size: 


5 cps to 500Kc 
0-10 millivolts rms 


900 g, 1 millisecond 
half sine wave pulse 
(Taft-Pierce 60°) 


15 g, 5 to 1000 cps 
0°C to + 70°C 

or — 10 to 14 volts DC 
5 ounces 
3-3/16” x 1-1/2” x 1-1/2” 








RAYTHEON COMPANY 





INDUSTRIAL COMPONENTS DIVISION 





allows simple hermetic sealing 
without welding or soldering. Di- 
ameter is 15 mils less than the 
maximum recommended recently 
by the Subcommittee on Micro- 
miniature Components of EIA. The 
60-mil height matches the commit- 
tee’s recommendation. Inside di- 
ameter is 100 mils and inside depth 
is 20 mils. 


Leads, three mils thick, are ori- 
ented according to EIA recommen- 
dations. For lead _ identification, 
one lead is 15 mils wide and the 
other two are 25 mils wide. 

The glass enclosures are being 
manufactured by Corning Glass 
Works, Corning, N. Y.; prices are 
available on request. 
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Expanding Scale Meter 
TWO-STEP METHOD 


DIRECT SAMPLING, followed by ex- 
pansion of any 10 divisions to cover 
a full 100-division scale, give elec- 
trical measurements to 0.025 per- 
cent accuracy in meters manufac- 
tured by Greibach Instruments 
Corp., 315 North Ave., New Ro- 
chelle, N. Y. By electrically folding 
an effective 5-foot scale into 10 
equal sections, the third significant 
figure may be read exactly, and the 


Production System 

THIN-FILM CIRCUITS 

7 

PRODUCTION model EB-101 is a vac- 
uum system for the manufacture of 
thin-film microcircuits. Included 
with the integrated equipment for 
the production of circuits composed 
of thin-film conductors and multi- 
ple resistors are detailed operating 
instructions and customer-training 
services. 

The thin-film elements produced 
using the new equipment meet 
standard tolerances and offer high 
reliability. A continuing develop- 
ment program on the evaporation 
of dielectrics using electron beams 
is aimed at increasing the capabil- 
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fourth figure estimated to + of a 
division. 

High accuracy, inherent durabil- 
ity, ruggedness and overload ca- 
pacity to 125,000,000 percent in 
some cases are features of the se- 
lective-expansion meters. The com- 
pact instruments, with multirange 
combinations in a single meter, are 
available for portable or panel use. 
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ity to include capacitors and active 
components. Information describ- 
ing the system can be obtained 
from GVC Electron Heating Corp., 
81 Hicks Ave., Medford, Mass. 
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Silicon Oxide Capacitor 
LOW SELF-INDUCTANCE 


CAPACITOR using semiconductor 
principles is introduced by the 
Sprague Electric Co., 35 Marshall 
St., North Adams, Mass. The de- 
vice uses silicon oxide as the di- 
electric material. 

The capacitor will be marketed 
under the name Oxsil. Features in- 
clude operating temperature to 300 
F, high insulation resistance, low 
dissipation factor, and low self-in- 
ductance. Units are being furnished 
in both radial and axial lead wafer 
designs, type 10K and 11K. 
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Sweeping Oscillator 
LOW FREQUENCY 


KAY ELECTRIC CO., 14 Maple Ave., 
Pine Brook, N.J. The Sona-Sweep 
model M adapts the accepted tech- 
niques of r-f swept-frequency 
alignment for audio and ultrasonic 
design and test work. It provides 
a complete measurement 
Sweep center-frequency is adjust- 
able between 20 cps and 200 Ke. 
Sona-Sweep delivers a_ high-level 
output of 5 v rms into 600 ohms 
over the entire frequency range. 
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system. 


Noninductive Resistor 
10-WATT UNIT 


OHMITE MFG. CO., 3654 Howard St., 
Skokie, Ill., has added a 10-w size 


to its noninductive, vitreous enam- 
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Magnetic Shields Custom Fabricated to Any Size or Shape 











The industry's widest range of production facilities ...in 3 factories: 
PRESS FORMING AND DRAWING e HYDROFORMING 
© SPINNING e HAND FABRICATION OF PROTOTYPES 


Already Tooled for Samples or Production 


¢ Simple designs to elaborate * Micromodule size to a com- 
complexes. pletely prefabricated mobile 

' ' ‘ shielded room weighing 5 

* Single or multiple laminae tons which can be trans- 
constructions. ported anywhere — an 
achievement unique with 

ALSO AVAILABLE Magnetic Shield Division. 3g 


e Processed stock for fabrication in your own plant. 
¢ Co-operative design facilities. 


Use this SINGLE CONVENIENT SOURCE for all magnetic 
shielding requirements. Saves you countless design hours . . . helps 
speed your project . . . lowers your costs. 

We recommend NETIC and CO-NETIC magnetic shielding mate- 
rials because they are non-shock sensitive, non-retentive, do not 
require periodic annealing and provide completely effective shield- 
ing for optimum results. 

NETIC and CO-NETIC are widely specifiedifor satellite, missile, 
protecting recording tapes, data processing afd for innumerable 
other military, scientific and laboratory applicttions as well as for 
commercial applications. 


PHONE YOUR NEAREST SALES OFFICE TODAY: 


BALTIMORE, MARYLAND LOS ANGELES, CALIFORNIA 
HOpkins 7-3766 WEbster 1-1041 


UNION CITY, NEW JERSEY = PALO ALTO, CALIFORNIA 
UNion 4-9577 DAvenport 1-5064 
MERIDEN, CONNECTICUT 
Beverly 7-3232 SAN DIEGO, CALIFORNIA 
eS ae SEATTLE, WASHINGTON 
Highiand 4-1118 A 
TMOUNT, MONTREA 
Quesec ane t,  PHOENIX, ARIZONA 
WEllington 7-1167 AMhurst 4-4934 
DALLAS, TEXAS HOUSTON, TEXAS 
Fleetwood 1-1615 HOmestead 5-7780 


MAGNETIC SHIELD DIVISION 


= 1-3 hd -ton alot all i let: ai Ole 


1322 N. ELSTON AVENUE, CHICAGO 22, ILLINOIS 
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Micro miniature 
shield and cover, 
punch press 
operation. 


Sequence of 
shield cans, 
punch press or 
spinning. 


Complex 
configuration 
multi-lamina 
shield, 
hydroformed. 


CRT shield 
illustrating 
combination of 
hand fabrication, 
spinning and sizing. 


Backward wave 
tube shield 
assembly design, 
involving hand 
fabrication and 
hydroform or 
spinning. 


Special purpose 
shield, hand 
fabrication 
(levitated gyro). 


Tape preserver 
can be spun, 
hydroformed or 
punch press 
fabricated. 


Data storage tube 
shield, hydroform 
or spinning, plus 
hand fabrication. 


Large fabricated 
special structure 
(shaker table 
shield), approx. 
60” dia. and 

57” high. 


Composite photo 
demonstrating that 
magnetic shielding 
qualities of NETIC 
alloy material are not 
affected by vibration, 
shock, (including 


dropping), etc. 
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eled resistors. It is essentially a 
tubular type and mounts by means 
of nonmagnetic brackets (brass) on 
2% in. centers. Core size is 1? by *s 
in. diameter. Ayrton-Perry type 
windings reduce the inductance to 
less than 1 percent of the regular 
solenoid type resistors with low ef- 
fective series reactance. 
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Preamplifier 


BRUSH INSTRUMENTS, division of 
Clevite Corp., 37th and Perkins, 
Cleveland 14, Ohio. A _ transistor- 
ized, plug-in, high gain preampli- 
fier measures signals as low as 10 
microvolts. 
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Inductances 
ENCAPSULATED 


JAMES MILLEN MFG. CO.,_ INC., 
Malden, Mass. The J302 series of 
miniature encapsulated inductances 
for printed wiring have EIA 
values of inductances from 10 mh 
to 22 nh with + 5 percent toler- 
ance. Maximum d-c rating 60 ma 
to 1,210 ma. The series is wound 
with high temperature wire and 
encapsulated in epoxy for —55 C 


| to +125 C ambient temperature. 
TERMINAL SWITCHBOARD TYPE CIRCLE 312 ON READER SERVICE CARD 
BLOCKS Lamp Jacks Lamp Strips Jack Strips 




















For completeness of line, for quality and dependability, for availability from ° 

stock you'll like . .. ADC JACKS—First choice of the country’s foremost manu- Power Resistors 

facturers of communication equipment, unique one piece frame provides AXIAL LEAD 

maximum strength ... ADC JACK PANELS—One of the most complete assort- a 2 

ments of jack panels available for use wherever audio signals are switched mt " ne = 

and distributed . .. ADC PLUGS AND PATCH CORDS—Standard in the com- | WARD LEONARD ELECTRIC CO., Mount 


munication industry! ... ADC TERMINAL BLOCKS molded to your specifica- 


' yl. Vernon, N. Y., announces four ad- 
tions; six popular sizes in stock. Write for ditions to its Axiohm power resistor 


communications line engineered for automation, 


component brochure 


| printed circuits and advanced min- 
ADC INCORPORATED iaturization use. The 2, 4, 7 and 
2838-13TH AVENUE SOUTH e MINNEAPOLIS 7, MINNESOTA | OF ee. ee nae * il 
PACIFIC BRANCH North Hollywood, California | 12.5 w resistors plus the former 3, 
TRANSFORMERS e REACTORS e FILTERS *« JACKS AND PLUGS e JACK PANELS | 5 and 10 w units make seven sizes 


110 CIRCLE 110 ON READER SERVICE CARD electronics 





available to design engineers. Watt 
ratings for all sizes are based on 
a 325 C rise, 25 C ambient. Fea- 
tured are 0.7 to 75,000 ohms and 
+5 percent standard resistance tol- 
erances. 
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P-M D-C Motor 
FOR TIROS SATELLITE 


REFLECTONE ELECTRONICS, INC., 
Stamford, Conn. The PM-1 perma- 
nent magnet motor, originally de- 
veloped for NASA’s Tiros weather 
satellite, is now available as an off- 
the-shelf item. The vibration and 
shock resistant unit has found ad- 
ditional applications in integration 
and timing devices, recorders, con- 
trolling tv camera shutters, high 
speed blowers and d-c servo con- 
trols. Motors are priced 
$14.50 each in quantity. 
CIRCLE 314 ON READER SERVICE CARD 


from 


Filters 
PANEL WIRES INC., Raytheon Co., 
213 East Grand Ave., South San 
Francisco, Calif. Two filters, delta 
and gamma, eliminate back circuits 
and prevent interference with ad- 
jacent circuits in data processing 
equipment. 
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it’s the 
CONTACT 
that counts! 


Each lead has individual strain relief because wire is doubled back through 
contact tab. Punch press contact design permits rapid heat transfer — elimi- 
nates unreliable cold solder joints as in screw machine contacts. Danger of 
insulation pull back is eliminated by bringing wire insulation right into molded 
clip pocket. 

These unique Alden molding techniques in connector design drastically 
reduce the number of parts required and make possible multi-contact con- 
nectors of amazing basic simplicity and reliability. 

Resilient Alden contacts can be included in any type of molded insulation 
for any combination of contacts. Hundreds of standard off-the-shelf designs 
are quickly available — with or without leads — or as part of unit-molded cables. 

Our Customer Department will work closely with you on any connecting or 
cabling problems. A letter with description or sketch will enable us to provide 
recommendations or samples at once. 


positive contact surfaces on each 
Alden top-connected contact give you: 


WB More reliable electrical contact 
HB More secure mechanical grip 
Minimum electrical resistance 





mis 


New, flameproof, high voltage First major advance in connector Standard assembled connectors 
connectors now available in high- reliability since potting offers fool- in non-interchangeable layouts with from 


density, flame-retardant polyethylene. proof, tamper-proof connections for 2 to 11 contacts; miniature connectors, 
Light, compact connectors for applica- trouble-free operation. Alden “IMI” plain or shielded, for carrying power or 
tions up to 30 KVDC and up to 250°F connectors and cables (wires, contacts, signal; miniature plugs and sockets; 
without distortion. or other inserts) are integrally molded signal connectors; and CRT connectors 
in a single hot shot of insulation so that are all available for fast delivery. 
material forming the connectors and 
covering the wires forms a single con- 
tinu ous, bonded insulation. 


ALDEN 
| 
LDE 
PRODUCTS COMPANY 


4127 N. MAIN ST. 
BROCKTON, MASS. 


— au 


Patch Cords 
DOUBLE BANANA PLUG 








HERMAN H. SMITH, INC., 2326 Nos- 
trand Ave., Brooklyn 10, N. Y. Line 
of patch cords employs } in. double 
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CONSOLES 
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Model LTC 


; @ 
The only AC and DC calibra- 
tion console to offer these ad- 
vantages! 
@ Accuracy: +.05% of reading 
@ Frequency Response: DC to 
25 kc. 
@ Current Range: 1 ma. to 
11.11 amps 
Voltage Range: .5v.tollllv. 
Readout directly in “% 
Error.” 
Thermocouple Overload Pro- 
tection 
Self-contained for one man 
operation. 
Price $5,560.00 


Model LT-PS is a highly stable 
(.01%), variable frequency (20 
cps.—20 kc.), low distortion 
(.1%), AC source designed for 
use with LTC console. 

Price $4,250.00 


NSTRUMENTS 


banana plugs cabled to a wide va- 
riety of plugs, connectors, clips and 
tips. The plugs were designed for 
interconnecting a-f and r-f circuits, 
providing high efficiency, low loss 
connections. They are available in 


| 10 distinct terminations for con- 


nection with another double plug, 
alligator clip, stripped and tinned 
leads and phone tips among others. 
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Harnesses 
CUSTOM-MADE 


W. L. GORE & ASSOCIATES, INC., 555 
Paper Mill Road, Newark, Del. 
Lowered cost, savings in weight and 
space are a few of the advantages 
claimed for harnesses being made 
from Multi-Tet ribbon cables. The 
harnesses, manufactured to cus- 
tomers’ specifications, are insulated 
with Teflon. Abrasion-resistant and 
corona-resistant cables are 
available. Since Teflon only is 
used in harnesses, they can be used 


also 


at high temperatures and in corro- 


sive environments. 
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_ Semiconductor Tester 


Model RFVC 


RADIO FREQUENCY CALIBRA- 
TOR for the certification of 
VTVM’s from DC to 10 me. 
Accuracy +.3% of full scale; 
+.2% maximum frequency in- 
fluence. Ranges .01/.1/1/3 V. 
Responds to true RMS. Com- 
pletely “Self Checking” against 
an internal reference source 
Diamond Pivoted, of course! 


Price $840.00 


SENSITIVE 
RESEARCH 


INSTRUMENT CORPORATION 
NEW ROCHELLE, N.Y 


{ 


MOLECULAR ELECTRONICS, INC., 85 
Weyman Ave., New Rochelle, N. Y. 
The ICT-100 permits one-man test- 
ing of transistors, diodes, or recti- 
fiers while in or out of circuit. 
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Power Supply 
TRANSISTORIZED 


DEL ELECTRONICS CorRP., 521 Home- | 
| stead Ave., Mt. Vernon, N. Y. 
| signed to supply regulated d-c at 


De- 


WHAT 
do 
you need to know 
about... 


PURE 
FERRIC 
OXIDES 


MAGNETIC 
IRON 
(o> 4i oe} = — 


MAGNETIC 
IRON 
POWDERS 


= 


Since final quality of your production of 
ferrites, electronic cores, and magnetic 
recording media depends on proper use 
of 3 specialized groups of magnetic 
materials . . . you'll find it mighty helpful 
to have all the latest, authoritative 
technical data describing the physical 
and chemical characteristics of each. 
This information is available to you just 
for the asking. Meanwhile, here are 
highlights of each product group. 


PURE FERRIC OXIDES— For the pro- 
duction of ferrite bodies, we manufac- 
ture a complete range of high purity 
ferric oxide powders. These are available 
in both the spheroidal and acicular 
shapes, with average particle diameters 
from 0.2 to 0.8 microns. lmpurities such 
as soluble salts, silica, alumina and 
calcium are at a minimum. 


MAGNETIC IRON OXIDES—For mag- 
netic recording—audio, video, instru- 
mentation etc.—we produce a group of 
special magnetic oxides with a range of 
controlled magnetic properties. Both the 
black ferroso-ferric and brown gamma 
ferric oxides are available. 


MAGNETIC IRON POWDERS-— For the 
fabrication of magnetic cores in high- 
frequency, tele-communication, and 
other magnetic applications, we make a 
series of high purity iron powders. 


If you have problems involving any of 
these materials, please let us go to work 
for you. We maintain fully equipped 
laboratories for the development of new 
and better inorganic materials. Write... 
stating your problem... to C. K, Williams 
& Co., Dept. 25, 640 N. 13th St., Easton, 
Penna. 


COLORS & PIGMENTS 


C. K. WILLIAMS & CO. 
EAST ST. LOUIS, ILL. + EASTON, PA, 
EMERYVILLE, CAL. 





RET eS 
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high current, type SCRT has an | 
output of 0 to 60 v d-c at 0 to 7.5 
amperes (both sides floating with 
respect to ground). Units feature 
firing angle control for minimum 
dissipation and transistor control 
for fast transient response and rip- 


ple reduction. xX 5 FILM ; 
CIRCLE 319 ON READER SERVICE CARD she 





Electronic Multiplier 
DONNER SCIENTIFIC CO., Systron- 
Donner Corp., Concord, Calif. A 
miniature solid state electronic 
multiplier can be plugged into any 
analog computer problem board 
with }” terminal spacing. 
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ALSO DATA RECORDING with these 


Corona Pick-Up new Oscillotron Accessories 
100 KV POTENTIALS , 

The Beattie Oscillotron, America’s largest selling oscilloscope 
ASSOCIATED RESEARCH, INC., 3777 W. camera, is even more versatile with these fine new attachments: 
Belmont Ave., Chicago 18, IIl., in- ' 
troduces a corona pick-up network 4x5 FILM ADAPTER This adapter en- — 
to extract the corona signal from a ables Beattie Oscillotrons to accept | 4x5 Polaroid” Packet 
high ; alte oii sit M seine noe standard holders for films shown at right. | 4x5 Cut Film 
ee ere ener ee Permits ground glass focusing. Quickly | 4x5 Film Pack 
interchanged with regular Polaroid” back | 4x5 Glass Plate Holders 
without re-focusing. 120 Roll Film 


available for use with potentials to 
100 Kv. Model 8562M1 consists of 
corona-free high voltage capacitor- 


divider circuit, associated filters, DATA CHAMBER Available as accessory with 4x5 film — 
and circuitry. ter. Records written data on corner of film. Quick, easy push- 
CIRCLE 321 ON READER SERVICE CARD button control. The permanently-focused optical system is 
completely independent of camera lens and shutter. Battery 
powered. Or can be adapted to an external power source. Choice 
‘ of direct or remote control facilities. 
Potentiometer 
PECTaION TINT’ Write for full details on these fine new accessories and 
PRECISION UNIT ‘ : . 
on the complete Beattie Oscillotron camera line. 
BOURNS, INC., 6135 Magnolia Ave., 


Riverside, Calif. Model 3030 Trim- 
pot potentiometer is rated at 20 eo 
w and provides high temperature BE ATTIE-COLEMAN, INC. 


operation to 265 C. It features ( 1004 N. Olive St., Anaheim, Calif. « PR 4-4503 
multiturn screw-driver adjustment 


and is designed for precision cir- | 





BRANCHES: 487 5th Ave., N.Y. *» OR 9-5955 / 5831 Tomberg, Dayton, Ohio « BE 3-1916 


April 7, 1961 CIRCLE 113 ON READER SERVICE CARD 113 





Relays 


by 
Stromberg- 
Carlson 


'Telephone-type 
quality « reliability 
durability 


If you require reliable, durable, top quality 
relays in the equipment you manufacture, 
you're well advised to consider the relays 
made by Stromberg-Carison. 

Hundreds of companies have found here 
the advantages based on our over sixty 
years of specialization in providing equip- 
ment and parts to the independent tele- 
phone world. 

What's more, we go beyond just the man- 
ufacture of relays. If you desire, we can also 
provide wired mounting assemblies. 

Our relays are available in a wide range 
of types, of which these are representative: 


TYPE A: general-purpose. Up to 20 Form 
“A” spring combinations. 


TYPE B: gang-type. Up to 60 Form ‘“‘A” 
spring combinations. 


TYPE BB: upto 100 Form “A” springs. 


TYPE C: (illustrated) two on one frame. 
Ideal where space is tight. 


TYPE E: characteristics of Type A, plus 
universal mounting. Interchangeable with 
other makes. 


Types A, B, and E are available in high- 
voltage models. Our assembly know-how is 
available to guide you in your specific ap- 
plication. 

Details on request from these Stromberg- 
Carlson offices: Atlanta—750 Ponce de 
Leon Place N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—-2017 Grand Ave- 
nue; Rochester—1040 University Avenue; 
San Francisco—1805 Rollins Road. 


STROMBERG -CARLSON 


aA PROOUCT OF 


GENBRAL DYNAMICS | ELECTRONICS 
OSS AY 6 a A es 


cuit adjustment and balancing in 
high power applications. Size is 
1.07 by 0.50 by 1.25 in. Price (nor- 
mal quantities) is $10 to $15. 
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Video Recorder 
EASY TO OPERATE 


THE SONY CorP., Tokyo, Japan. The 
2-head industrial VideoCorder runs 
2,400 ft of 2-in. tape as used in 
ordinary tape recorders, for 66 min- 
utes at the speed of 7 ips. It is easy 
to operate by push-button. Used in 
the circuits of the 90 by 90 by 60 
cm console are about 100 transistors 
and about the same number of 
diodes, weighing 440 lb. Shown is 
a whole set of the VideoCorder, 
including a tv receiver, console, tv 
camera control unit and tv camera. 
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Seawater Battery 


YARDNEY ELECTRIC CORP., 40-52 
Leonard St., New York 13, N. Y. 
For torpedoes and antisubmarine 
warfare applications, the battery 
operates at a flat voltage and gives 
a:uniform performance. 
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Tube Components 
GLASS-BONDED MICA 


ELECTRONIC MECHANICS, INC., 101 
Clifton Blvd., Clifton, N. J., has 
replaced costly crt metallic guns 
with copper-coated or silver-fired 
Mykroy 789 glass-bonded mica. 
Thus, internal structural members 
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Produced to High Quality Standards 
Max. Blank: 6-inches Max. Draw: 41-inches 


Engineering Assistance 
Whenever a helpful assist 7: 
is in order, Cly-Del engi- y> 
neers are available to co- 4 A 
operate with you from the f 
planning stages through 
design, development, and 
production. 


Tooling Facilities 
Under the same roof, with 

1 the same supervision and 
same undivided responsi- 

~ bility is the complete Cly- 
Del tooling facility where 
the tools for your produc- 
tion can be built, used in 
the Cly-Del manufacturing 
departments, and stored 
for your future use. | 


A 


Inquiries 
If you are concerned with a 
need for high-volume, high- 
quality shells, eyelets, or-* 
stampings for electronic ‘<7 


assemblies; we invite your ~ / x 
inquiry (for more information / \ 
or for an estimate) and prom- 


ise fast, accurate action. 
~ \ WRITE FOR 


= | BROCHURE 
=o) a 
-— CLY-DEL 

MANUFACTURING COMPANY 


2136 SHARON ROAD 
WATERBURY 20, CONNECTICUT 
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can be molded to tight tolerances 
with functional inserts. The molded 
device is then metalized. Maximum 
temperature is 810 F continuous, 
with less than 3 mil distortion. 
Mykroy will not outgas. 
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Oscilloscope 


PACKARD BELL ELECTRONICS, 12333 
Olympic Boulevard, West Los An- 
geles, Calif. Portable dual gun os- 
cilloscope has d-c to 5 Me _ band- 
width, 1 millivolt/em sensitivity, 
costs $495. 
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A-C Power Supply 
25 V-A OUTPUT 


INDUSTRIAL TEST EQUIPMENT CO., 55 
E. 11th St., New York 3, N. Y., has 
developed a precision 25 v-a a-c 
power supply that meets: all MIL 
specs for ground support equip- 
ment. Output frequency is 350-450 
eps (other frequencies fixed or 
variable are available), amplitude 
stability, 0.1 percent; frequency 
stability, 0.1 percent; regulation, 
1 percent 0-full load; output volt- 
age, variable 0-130 v. 
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Magnesium Cleaner 
AND BRIGHT DIP 


BERNARD CHEMICAL PRODUCTS CO., 
98-21 Linden Blvd., Ozone Park 17, 
N. Y., has developed Bernite BR4, 
a cold magnesium cleaner and 
bright dip. Magnesium is finding 
wide use in casings of electronic 
components going into missile and 
aircraft equipment. Bernite BR4, 
a dry powdered cleaner, used cold, 
will remove the oxidation products, 
foreign matter and stains from the 
surface of magnesium leaving a 
mirror bright finish. A solution of 
this cleaner will provide a simple, 
efficient and rapid means of pre- 
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AVAILABLE NOW 


A precision 100 KC pl. 

rently in volume felgeloltiaslels yrates aq new 
ultra-stable, 100 KC glas design 
folate Mo TET) fete], MEE To} IT o ME : > 


ialetelselelseli-s 
-dison-type th 
inclu ollale me ialer 
cycle range 
SPECIFICATIONS 
STABILITY CLASS: 5 «x 10-’ Day 
FREQUENCY: 100 K‘¢ Other frequencies available 
: bie) IU ohms 
B ther voltages availabie Built 
Zener voitage °] Te] 
VIBRATION: 5 G's 5 to 2000 cycles — less thar 
per million 
ALTITUDE-HUMIDITY: Available sealed of unsealed 
TEMPERATURE RANGE: From — 55°C t 35 
DIMENSIONS: 1-’4° x 12" x 4% H. Weight: 6% Ounces 


For information, write stating requirements = 


THE JAMES KNIGHTS 
COMPANY 
Sandwich, Illinois 








TYPES OF EPSCO 
LOGIC PANELS 


Flip Flops 

Diode Gates 

Transistor Gates 

Amplifiers 

Emitter Followers 

Timers 

5% ° <7 nn x. - a Indicators 
Switches 

Test Panel 


LOGIC DIAGRAMS TO PROTOTYPES IN HOURS... WITH NEW 


LOGIC PANELS Epsco’s 16 compact new Logic Panels put the entire range of 
digital circuits at your fingertips, for simple, rapid patchcord connection. Save time 
and money in logic bread-boarding . . . small system construction . . . programmable 
test, control and timing equipment. . . logic demonstration and instruction. One basic 
set of panels can be used again and again. Complete flexibility allows designer to 
change or update his circuitry at any time. All circuits are labelled with bold logic 
symbols. Instant access to inputs, outputs, and power connections. Once a system is 
proved out, identical circuits can be ordered off-the-shelf from Epsco. For full details, 
contact Epsco. Ask for Bulletin TDC-LP1. 


€psco | COMPONENTS 


A Division of Epsco, Incorporated, 275 Massachusetts Ave., Cambridge 39, Mass. 
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If the pots you need must function in a dust or sand environment, you 
could build ‘em yourself to make sure they stay clean! But before you 
move heaven and earth while testing your creation, exactly what have 
you planned, to give youa tight seal, yet low torque? And if that isn’t 
enough of a problem, how do you keep foreign matter out of the 
bearings? 


But why move heaven and earth. mostly earth, to test your own dirt- 
free pot, when Ace has the pots with the dust-free features? Special 
O-rings seal sand, dust and other foreign matter eliminating abrasion 
damage. Our wound nylon packing delivers excellent sealing with 
lowest torque. Also, a special silicone-type grease, located in shaft 
pockets, captures foreign particles before nt 
they ever get a chance to do any damage. So if 

grits a problem for you, come to Ace for the 

answer. See your ACErep! 


This 3” AIA Acepot (shown 1 /3-scale), meeting all MIL spec s on 


sealing, incorporates these exclusive anti-dirt and dirt-trapping features. 


Mandrels are also fungicide-varnished, to insure long life. 


ens 


ELECTRONICS ASSOCIATES, INC. 


~ 99 Dover Street, Somerville 44, Mass. 


SOmerset 6-5130 TMX SMVL 181 West. Union WUX 


Acepot® Acetrin® Aceset® Aceohm® 
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*Reg. Appl. for 


paring magnesium for spot weld- 
ing or welding. 
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Noise Generator 


H. H. SCOTT INC., Instruments Div., 
111 Powdermill Rd., Maynard, 
Mass. Random generator provides 
a source of “white noise” for lab- 
oratory applications. 
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Transistor Heat Sink 
NATURAL CONVECTION 


ASTRO DYNAMICS, INC., 200 Sixth 
St., Cambridge 42, Mass. Natural 
convection heat sink increases tran- 
sistor performance by offering a 
thermal resistance of only 1.3 C/w. 
Model 2502 has a configuration that 
provides more surface area, a 47 
percent lower thermal resistance 
and occupies less space than con- 
ventional designs. ;Measuring 4 in. 
wide by 3 in. high by 1.281 in. 
deep, it weighs 0.4 lb. 
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Capacitors 
SOLID TANTALUM 


KEMET CO., 11901 Madison Ave., 
Cleveland 1, Ohio. Series N capaci- 
tors for a-c circuits are made non- 
polar by the back-to-back connec- 
tion of two Series J solid tantalum 
capacitors of identical value. The 
compact unit is then placed in a 
rigid plastic sleeve. Non-polar ca- 
pacitors are available in capaci- 
tance values ranging from 0.16 to 
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Use these handy prepaid READER SERVICE POST CARDS 
for more detailed information on: PRODUCTS ADVERTISED, 
NEW PRODUCTS “On the Market”, LITERATURE of the WEEK 


CHECK COUPON FOR 
FREE REPRINT of the MONTH 


“Designing Avalanche Switching Circuits,’’ by Richard P. Rufer 





A seven page article on how to select transistors for avalanche 
circuits and how to design the circuits. One copy per person only. 





For more, regular rates apply. 








Circle the number on the READER SERVICE post card at the right that corresponds to the 
number at the bottom of Advertisement, New Product item, or the Literature of the Week 
selection in which you are interested. 


Please print clearly. All written information must be legible in order to be efficiently pro- 
cessed. 


ALL FOREIGN INQUIRIES that cannot reach electronics before the expiration dates noted 
on the Reader Service post card, must be mailed directly to the manufacturer. The manufacturer 
assumes all responsibilities for responding to inquiries. electronics merely provides and clears 
requests for information from inquirer to manufacturer. 


Correct amount of postage must be affixed for all foreign mailings. 


TO SUBSCRIBE TO OR TO RENEW electronics — Fil! in the ‘‘For Subscriptions’”’ area on the 
card if you desire to subscribe to or renew your present subscription to electronics. Send no 
money. electronics will bill you at the address indicated on the Reader Service post card. 


MULTI-PRODUCT ADVERTISEMENTS — For information on specific items in multi-product 
advertisements which do not have a specific Reader Service number indicated write directly 
to manufacturer for information on precise product in which you are interested. 


REPRINT SERVICE 


The Reprint Service Department offers 4 types of reprints for sale: 1 — Reprints of Special 
Reports as they appear with definite costs for varying quantities; 2 — Reprints of Special Re- 
ports that have appeared in past issues; 3 — Reprints of other editorial material in the current 
issues (minimum order is 100); and 4 — Reprints of editorial that has appeared in past issues 
(minimum order is 100). On other than Special Reports we cannot publish prices because the 
order may involve any number of editorial pages depending upon the length of the article. 


Actual reprint costs, handling charges, postage, etc. bring the costs for Special Reports to: 
75 cents for a single reprint; 60 cents each for 11 to 24 copies; 50 cents each for 25 or more. 


For tearsheets or single photocopies of any electronics editorial article ever printed .. . see 
reverse side of this page. 


For list of Reprints of past Speciai Reports available see reverse side of this page. 
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All electronics Editorial Matter 


Can Be Made Available in Reprint Form 


FOR SINGLE REPRINTS electronics offers reprints or photocopies of all the editorial matter 
printed since its inception. Single copies of articles from the very first issue of electronics, 
printed in April, 1930 to the very latest issue may be obtained. (If available as tearsheets they 
are free). Photostatic copies are offered at cost. Write today for a copy of any articl< you desire. 


Bulk reprints are available in quantities of 100 or more at the nominal cost of reproduction. 
Prices for such reprints are not available as they will vary with the length of the article, color, 
makeup, etc. 

Reprints can be made up with the original cover of the magazine and your advertisement or 
other merchandising message on the back page. 


Please write to Reprint Service Dept., electronics, 330 West 42nd St., New York 36, N.Y. or tel- 
ephone LO 4-3000 Ext. 3140 for all information pertaining to reprints. 
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(Order by Key No. Use REPRINT ORDER FORM on Reverse Side.) 









































KEY NO. ; TITLE OF REPRINT NO. OF PAGES ISSUE DATE PRICE 

Key No. R-3 Materials for Environmental Extremes 16 Dec. 4, 1959 
Key No. R-5 Electronic Markets Special Report 18 Jan. 1, 1960 
Key No. R-6 Designing High-Power Transistor Oscillators 4 Jan. 8, 1960 10¢ each 
Key No. R-7 Electronics Research and Development Around the World 24 Feb. 12, 1960 
Key No. R-8 Graphical Extensions of Transform Techniques 6 Apr. 1, 1960 10¢ each 
Key No. R-12 1960 Semi-Annual Index 24 Jan.-June issues 50¢ each 
Key No. R-16 1960 Semi-Annual Index 16 July-Dec. issues 50¢ each 
Key No. R-17 Reference Section of The 1960-61 Electronics Buyers’ Guide 64 July 20, 1960 50¢ each 
Key No. R-18 The Electronics Market: Our Industry Today and Tomorrow 32 Jan. 6, 1961 
Key No. R-19a Medical Electronics — Part |: Diagnostic Measurements 8 Jan. 20, 1961 25¢ each 
Key No. R-19b Medical Electronics — Part II: Diagnostic Systems and 

Visualization 6 Feb, 3, 1961 25¢ each 
Key No. R-19c Medical Electronics — Part Ill: Therapeutic Devices a Feb. 24, 1961 25¢ each 
Key No. R-15 Microminiaturization 32 Nov. 25, 1960 





Price: Reprints on items above are 1-10 copies, 75¢ each; 11-24 copies, 60¢ each, 25 copies or more, 
50¢ each unless otherwise noted. 
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160 pf, and in working voltages of 
6, 10, 15, 30, 35 and 50 v for con- 
tinuous operation at 85 C. 
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Broadband Amplifier 
GAIN OVER 20 DB 


APPLIED RESEARCH INC., 76 S. 
Bayles Ave., Port Washington, N.Y. 
Model HFW-8(A)-49100  broad- 
band amplifier covers an octave 
range frequencies of from 490 to 
1,000 Me. Synchronously tuned 
stages are used, with planar low- 
noise triodes as amplifiers. Gain 
of the amplifier is greater than 20 
db, and noise figure is a maximum 
of 10 db. Vswr input and output 
is 1.75. 
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Terminating Device 
THOMAS & BETTS CO., INC., 36 Butler 
St., Elizabeth, N. J. A solderless 
wire terminating device can be 
used as a multi-pin connector or 
terminal block, or both at the same 
time. 
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AGC Preamplifier 
MICROCIRCUIT TYPE 


VARO MFG. CO., INC., 2201 Walnut 
St., Garland, Texas, announces a 
microcircuitry preamplifier 0.1 cu 
in. in volume and weighing 3.5 
grams. It consists of a low noise 
six stage audio amplifier, a d-c age 
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ALDEN 


PACKAGE UNIT 


Miniature packaging modules 


Off-the-shelf building block components to simplify assembly and servicing 
of smaller circuits. Alden miniature plug-ins are simple to install, can be 
knocked down and swiftly reassembled, and allow for 30-second replace- 
ment by handy spares. Their greatest virtue: elimination of costly down- 
time. But they have other special assets: 





@ standard 7 or 9-pin off-the-shelf 
components 


® space-saving ‘‘maximum density’ package 
extra light-weight aluminum housings 

® accommodates tremendous variety of 
circuits 

® snap-in terminal setting and connecting 

®@ open type construction for easy 
accessibility to components 

® specially designed terminals give faster 
heat dissipation 


@ jumper strip eliminates need for Jeads Model 196G Germanium Transistor 
a by beg ge 
a Hy Orporation — its miniature size, 
Alden furnishes everything you need — including light weight and ruggedness adapt 
planning sheets for slick, quick, layout. Ask tteediaion and airborne 
° u ion. 
about our plug-in module package kit. For com- 


plete information, including 


new micromodules, write: (A|LID/ EIN 


PRODUCTS COMPANY 
4127 N. Main Street, Brockton, Mass. 
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“The light touch. . . 
in automation and control” 


the 
CLAIREX 
Photoconductor 


ZN 


Le 


illustrated; 
an “L". type 
particularly 
useful in 
igelalteticls 
rohate Mod ial-1¢ 
low-voltage 
applica- 
tions, 

from the 
miniature 


600 series. 


A 

Circuit 
Component 
Controlled by 
LIGHT 


For tabulated technical 
dote on 25 different 
Clairex Photoconductors 
consul! your new 


* IRE Directory 

* Electronic Buyers 
Guide 

® Electronic Design 
Cotaleg 

© Radio Electronic 
Master 





amplifier and associated age diodes. 
The amplifier is encapsulated in an 
epoxy resin to form a rugged solid 
package measuring 0.7 in. by 0.65 
in. by 0.22 in. 
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Alkaline Batteries 


RADIO CORPORATION OF AMERICA, 
Electron Tube Div., 30 Rockefeller 
Plaza, New York 20, N. Y. Battery 
life is 2 to 8 times longer than the 
zinc-carbon type. Alkaline battery 
does not require a rest period. 
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Power Supply 
10-KILOVOLT 


FXR, INC., 25-26 50th St., Woodside 
77, N. Y., offers a 10-Kv h-f regu- 
lated microwave tube power supply, 
model Z851-2. Output voltage can 
be precision set from 0 to 10 Kv, 
and current range is 0 to 100 ma. 
Ripple content is 0.4 percent max. 
An adjustable overload relay pro- 
vides precision protection of a wide 
range and variety of components. 
Overload activation current is man- 
ually set within the range 25 ma to 
100 ma. Price is $3,500. 
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Here is your opportunity 
for professional growth ina 
challenging and extremely 
interesting field, as a mem- 
ber of an outstanding and 
stimulating scientific team, 
Armour Research Founda- 
tion, specialist in electronic 
interference evaluation, is 
now expanding its facilities 
and staff requirements in 
the area of Electromag- 
netic Compatibility Anal- 
ysis. We are looking for 
qualified electronic engi- 
neers at all levels (B.S. 
through Ph.D.) for research 
and applied studies con- 
cerned with system anal- 
ysis and_ performance 
prediction. Immediate 
openings are available at 
either our Chicago or 
Washington, D. C. area 
facilities for individuals 
with experience in one or 
more of the following 
elds. s.« 


RADAR 
MICROWAVES 
ANTENNAS 
COMMUNICATION 
PROPAGATION 
CIRCUIT ANALYSIS 
MEASUREMENT AND ANALYSIS 
TACTICAL EVALUATION 


In addition to to the cited 
professional status, staff 
members receive attrac- 
tive salaries, up to four 
weeks vacation, generous 
insurance and_ retirement 
benefits, and tuition paid 
graduate study. If you are 
interested in one of these 
professional opportunities, 
please reply in confidence 
to Mr. R. B. Martin. 


ARMOUR 
RESEARCH 
FOUNDATION 


OF ILLINOIS INSTITUTE OF TECHNOLOGY 
TECHNOLOGY CENTER, CHICAGO 16, ILL. 


CLAIREX | 


CORPORATION 


19 W. 26 St., New York 10, N. Y. 
MU 4-0940 


Shorting Switches 
PLUNGER TYPE 


WAVELINE INC., Caldwell, N. J., an- 
nounces hand operated plunger 
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‘CREE RRL 
“know-how” 
pays off in 
Tubular Part 


ite * : 
e UNIFORM TveEs’ know-how solved 
the problem of right temper and grain 
size needed to bell the ends of this 
nickel, electronic tube part without 
thinning the wall. Their special tooling 
permitted close concentricity and di- 
mensional tolerances. 


e Mass-producing this light meter 
pointer required unique tooling skills 
and extreme precision of aluminum 
tubing stock. Fabrication involves coin- 
ing and bending to exact thicknesses 
and angles in three planes while main- 
taining perfect centerline parallelism. 


ot ‘ a eae +h 
e To make this missile component fit 
perfectly, UNIFORM TUBES had to bend 
.250” O.D. x .035” wall stainless steel 
tubing, maintaining end roundness and 
holding O.D. variations to less than 
.002” despite the complication of cut- 
ting one end along the radius of a bend. 

Tell us your fine seamless tubing 

or tubular part needs, and save 


(Up) time and expense. 


UNIFORM TUBES, 


INC. cOLLEGEVILLE 2. PA 


HUxley 9-7276 TWX »VL 1044 
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type on/off switches that provide 
a convenient means of establishing 
a removable short in waveguide 
transmission systems. Series of 
eight separate switches have been 
designed to operate over the fre- 
quency range of 2,600 to 40,000 Mc 
with the following characteristics: 
vswr in the open position of 1.02 
maximum; vswr in the closed or 


_ short position of 125 minimum. 
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Amplifier 
DIFFERENTIAL TYPE 


VIDEO INSTRUMENTS CO., INC., 3002 
Pennsylvania Ave., Santa Monica, 
Calif. Model 602 chopper-stabilized 
differential amplifier has fully iso- 
lated input and output. Common 
mode rejection is 100,000,000:1 at 
d-c, 1,000,000:1 at 60 cps, even 
with a 10,000 ohm unbalance in the 
line. Zero stability is better than 
0.05 percent of full scale for 1,000 
hr. Output characteristics: + 10 
v at 200 ma into a 50-ohm load, 
and the output can tolerate capaci- 
tive loading up to 10 yf without 
going into oscillation. 
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Power Supplies 


POWER SOURCES INC., Burlington, 
Mass. Low voltage, transistor reg- 
ulated power supplies are available. 
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Vernier Pot 
SIMPLE TO USE 


MUIRHEAD INSTRUMENTS, INC., 441 
Lexington Ave., New York 17, 
N. Y. The P.10 precision vernier 
pot can make measurements of 
emf, over the range 1 pv to 1.8 v, 
to an accuracy of 1 part in 100,000 
of the 1 v setting. Standardization 
is effected by balancing the stand- 
ard cell against a built-in auxiliary 
divider. All terminals, studs, ete. 
are of copper. Price is $995. 
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CAN YOU ALWAYS 


oO 


WORKLOADS ? 


Anticipating peak loads is difficult 
... Variables are involved. Even so, 
once they’re forecasted—how do you 
cope with them? Overloading skilled 
manpower can reduce efficiency and 
endanger reliability within any tech- 
nical organization. 


A good solution is to utilize special- 
ized assistance such as provided by 
the RCA Service Company. Depend- 
ing on your requirements, RCA’s 
service arm can assign one... . five 
... 100 or more specialists to assist 
you. This reserve of stable technical 
talent is familiar with complex elec- 
tronic equipment and systems. It’s a 
ready-made back-up support you 
need to handle unanticipated work- 
loads and special assignments. 


Highly skilled personnel are avail- 
able in these specialized areas: 


Electronics 

Electrical Engineering 
eReliability Analysis 
eMaintainability Prediction 
eSpace Environmental Chambers 


It makes good business sense to 
utilize qualified manpower customed 
to assist you in specific assignments. 
RCA Service Company has been pro- 
viding this type technical support for 
almost two decades to the U. S. 
Armed Forces, governmental agen- 
cies and prime contractors. 


Look to RCA for ingenuity and ex- 
cellence in technical support serv- 
ices. You can meet your requirements 
during peak loads and still maintain 
the quality of your in-plant capa- 
bilities. 


For complete information, 
contact J. R. Corcoran, Location 
206-2, RCA Service Company, 
Camden 8, N. J. 


The Most Trusted Name 
in Electronics 
‘@ _ BADIO CORPORATION OF AMERICA. 





THERE IS AN OWEN TRANSISTOR TEST SET DESIGN 
TO MEET YOUR NEEDS AS A DESIGN ENGINEER 


OWEN TRANSISTORS a Current 
TEST SET | DIODES | ZENERS |e... |SCRs, 


] R AN § | S| 0 R TYPE || Small | Med | Large — 
TEST SETS aes 


310 
300 


NOW AVAILABLE: & 
“HOW TO CUT DESIGN 

COSTS WITH A 320 
TRANSISTOR 

TEST SET” 
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The worldwide success of Japan's 
transistor radios is a tribute to their 
highly efficient yet minute components, 
of which the ultra-small Mitsumi FT 
Poly-vari-con is typical. With other 
superb Mitsumi parts, it is being ex- 
tensively used by leoding rodio many- 
facturers. 


ITT SS} powy-vari-con 


Variable 
Capacitor 


Intermedicte 
Frequency 
Transformer 


Mitsumi Parts 


MITSUMI ELECTRIC CO., LTD. 
1056-1, Koadachi, Komae-cho, Kitatama-gun, Tokyo, Japan 
TEL: (416) 2619 2692 2219 





122 CIRCLE 122 ON READER SERVICE CARD 





Literature of 


ACCELERATION SWITCHES 
Donner Scientific Co., a subsidiary 
of Systron-Donner Corp., Concord, 
Calif. An illustrated brochure dis- 
cusses accuracy in_ acceleration 
switches aboard operational mis- 
siles. 
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TEST LEADS Angler  Indus- 
tries, 75-77 Winthrop St., Newark, 
N.J. Selection catalog offers com- 
binations of wire, terminations, 
and termination colors for shielded 
and unshielded test leads. 
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RESISTANCE BRIDGES _ Kear- 
fott Division of General Precision, 
Inc., Little Falls, N.J. A synchro 
bridge and resolver bridge de- 
scribed in a single catalog sheet. 
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COMPONENTS Microlab, 570 
West Mount Pleasant Ave., Liv- 
ingston, N.J. A catalog of micro- 
wave components, 72 pages, in- 
cludes product design sections to 
assist in component selection. 
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TELEMETRY SWITCH _ Elec- 
tro-Tec Corp., 10 Romanelli Ave., 
South Hackensack, N.J., has pub- 
lished a bulletin describing a micro- 
miniature 450-circuit telemetry 
switch. 
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RECTIFIER ASSEMBLIES 
General Electric Co., Rectifier Com- 
ponents Dept., Auburn, N. Y. Bro- 
chure covers silicon high voltage 
potted rectifier assemblies. 
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ACCELEROMETER §B & K In- 
struments, Inc., 3044 West 106th 
St., Cleveland, O. A 28-page cata- 
log, “Vibration Exciter Character- 
istics’, describes the electrical and 
mechanical characteristics of a 
high frequency calibration exciter. 
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MICROLOGIC Fairchild Semi- 
conductor, 545 Whisman_ Rd., 
Mountain View, Calif. The first ele- 
ment of the micrologic family of 


electronics 





the Week 


digital functional blocks, the mi- 
crologie flip-flop, is described in an 
8-page brochure. 
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INDICATORS A. W. Haydon 
Co., 232 North Elm St., Waterbury 
20, Conn., has issued a data sheet 
on microminiature elapsed time in- 
dicators. 
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FLUTTER Amplifier Corp. of 
America, 398 Broadway, New York 
13, N. Y. “Flutter, Its Nature, 
Cause, and Avoidance” presents a 
study of flutter and its associated 
disturbances. 
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COMPUTER SELECTION 
Phileo Corp., Computer Div., Wil- 
low Grove, Pa. A 5-page booklet 
deals with the proper selection of a 
computer system according to sys- 
tem analysis, specifications and de- 
sign. 
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PACKAGING AMP Ine., Har- 
risburg, Pa., has published a book- 
let on three-dimensional modular 
packaging and interconnecting of 
electronic components. 

CIRCLE 352 ON READER SERVICE CARD 


POTENTIOMETERS Maurey 
Instrument Corp., 7924 S. Ex- 
change Ave., Chicago 17, Ill. Cata- 
log covers single turn, wire-wound 
precision potentiometers from 3} to 
3-in. diameter. 
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TAPE INSTRUMENTATION 
Sangamo Electric Co., Springfield, 
Ill. Tape handling and precision 
speed control featured in booklet 
on magnetic tape instrumentation. 
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CRYOGENIC INSTRUMENTA- 
TION Cryogenics, Inc., Stafford, 
Va. Data folder contains informa- 
tion on equipment for the measure- 
ment of parameters such as tem- 
peratures, pressure, flow and liquid 
level for use in cryogenic environ- 
ments. Send requests on company 
letterheads. 
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More than 107 types standard 


solder terminais 


WEBSTER KNOWS 


In fact, his definition certainly applies to CAMBION® 
Standard Solder Terminals. As parts which terminate plenty 
of trouble in electronic circuitry construction, they’ve gained 
universal approval from manufacturers, professional techni- 
cians and hams. 


Starting with top quality brass, each CAMBION solder 
terminal is precision machined, quality inspected, electro- 
plated with silver, electro-tin or gold — or to your own plating 
specifications. Close quality control is maintained, and inspec- 
tions made at each successive manufacturing step to assure 
that each terminal meets or exceeds applicable MIL specifica- 
tions, such as MIL-Q-5923C. 


That’s why, as with all components in the broad CAMBION 
line, top quality is guaranteed for the more than 30,000,000 
CAMBION Solder Terminals in stock . . . in more than 107 
different types: single, double and triple turret; feed-through, 
double-ended, hollow and split. 


The broad CAMBION line includes plugs and 
jacks, solder terminals, insulated terminals, termi- 
nal boards, capacitors, shielded coils, coil forms, 
panel hardware, digital computer components. For 
a catalog, for design assistance or for both, write to 
Cambridge Thermionic Corporation, 437 Concord 
Ave., Cambridge 38, Mass. 


(Gri CAMBRIDGE Te] ete 


The guaranteed electronic components 
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PEOPLE AND PLANTS 





General Vacuum Corp. Relocates 


GENERAL VACUUM CORP., formerly 
situated in East Boston, has moved 
to a new multistory building in 
Medford, Mass. The new plant is 
specially built for the company’s 
activities, which include the de- 
sign and manufacture of high vac- 
uum systems. The manufacturing 
area includes a high-bay section 
equipped for assembly and test of 
very large systems. 

The company is growing as a 
producer of custom’ engineered 
high vacuum systems. These sys- 
tems all take advantage of the 
ultra-purity of high vacuum and 
are used by the producers and fab- 
ricators of refractory, reactive, and 
nuclear metals. They are also used 
for brazing, sintering, welding and 
coating many products formerly 
produced in controlled atmospheres. 

Systems are supplied to the aero- 
space and electronics industries as 
space simulators and for special ap- 
plications for manufacturing and 
evaluating components for missiles 
and rockets and for developing 
outer space propulsion engines. 

In addition, General Vacuum 
through its subsidiary company, 
GVC Electron Heating Corp., pro- 
duces special equipment for manu- 
facturing thin film electronic cir- 
cuitry, and systems for employing 
the heating effect of high voltage 
electron beams for welding, sinter- 
ing, and ultrahigh temperature 
processing in the high purity en- 
vironment of high vacuum equip- 
ment. 
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The new plant, with about 12,000 
sq ft of manufacturing, engineer- 
ing and research space, meets im- 
mediate needs, and there is a 
planned expansion to double the 
area. 


DCA Establishes 
European Division 


DYNAMICS CORP. OF AMERICA has an- 
nounced establishment of a Euro- 
pean division, with headquarters 
in London, and appointment: of 
W. Allen Bridges (picture), elec- 
tronics and communications spe- 
cialist, to head it up as director of 
European operations. The miove, 
DCA president Raymond F. Kelley 
said, “is directed toward a major 
expansion of DCA’s’ European 
activities through licensing and 
marketing agreements and also 
through projected corporate ac- 
quisitions of European companies.” 

Bridges, who joined DCA in 
January, previously had been 


European consultant, residing in 
France, since 1957, to a number 
of American companies. 


Finke Assumes 
New Position 


HERBERT A. FINKE has been named 
to the new position of vice presi- 
dent and general manager of Bo- 
mac Laboratories Inc., Beverly, 
Mass. He leaves his position as di- 
rector of long-range planning for 
Varian Associates of Palo Alto, 
Calif., parent company of Bomac. 


Amperex Promotes 
Jan Bleeksma 


JAN BLEEKSMA was recently ap- 
pointed vice president in charge of 
manufacturing of Amperex Elec- 
tronic Corp., Hicksville, L. I., N. Y. 
His former position was plant 
manager. 

A wholly owned subsidiary of 
the North American Philips Co., 
Amperex is engaged in the re- 
search and development, manufac- 
ture and sales of electron tubes and 
semiconductors for defense, com- 
munications and industry. 


Wiesner to Receive 
EIA Medal of Honor 


JEROME B. WIESNER, President Ken- 
nedy’s special assistant for science 
and technology has been named by 
the Electronic Industries Associa- 
tion board of directors for award 
of the 1961 EIA Medal of Honor 
for “distinguished service con- 
tributing to the advancement of 
the electronics industry.” 
Wiesner is the first government 


electronics 





electronics fills you in on every phase 
of the electronics industry each week 
featuring engineering and technical 
data every issue. Latest economic 
trends, technically interpreted, to 
help you make sound plans. Facts 
you'll want to file and keep. Sub- 





scribe now. Mail the reader service | 


card (postpaid) to electronics, the 


magazine that helps you to know and 
to grow! Rates: three years for $12, 
one year for $6; Canadian, one year 
for $10; foreign, one year for $20. 
Annual electronics BUYERS’ 
GUIDE (single issue price $3.00) 
included with every subscription. 


it’s read 
more by 
all 4! 
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MASTERITE 
COMPONENT 


FOLDERS 


FOR YOUR MOST EXACTING REQUIREMENTS 


Shock-resistant, vibration-free holding of 
transistors, diodes, capacitors, resistors, tube 
shields, etc. is assured with Masterite Compo- 
nent Holders. Highest precision quality in a 
wide range of types, sizes, metals, platings, 
coatings and coding. Also designed to your 
specs. Used by many leading electronics firms. 

Immediate shipment from stock. 











NEW 64 page catalog 
Circle number shown below on read- 
er service card to receive your copy. 


MASTERITE INDUSTRIES #@ 


835 W. Olive Street, Inglewood, Calif. OR 8-2575 & 
DIVISION OF HOUSTON FEARLESS CORPORATION 
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inter-industry conference on 


ORGANIC SEMICONDUCTORS 


April 18 and 19, 1961, The Morrison Hotel, Chicago 





co-sponsored by 


ARMOUR RESEARCH FOUNDATION 


of Illinois Institute of Technology 


and @lectronics a McGraw-Hill publication 





Technical sessions on the present state and future potential of 
organic semiconductors in the electronics, chemical, and semi- 
conductor industries. 


For further information contact: 
James J. Brophy, Co-Chairman, Physics Division 
Armour Research Foundation 
Technology Center, Chicago 16, Illinois 








IMMEDIATE DELIVERY OF ALL TYPES official to be selected for the award 


BY THE LEADER FOR OVER 10 YEARS since its” establishment in 1952. 
Presentation of the medal is to be 
® made at the association’s annual 

| convention in Chicago in May. 


Feed-Thru Terminal Block 7TB12 


Gen-Pro military terminal boards are manufactured and 
inspected in accordance with latest revision of MIL-T-16784, 
BuShips Dwg. 9000-S6505-B-73214 and BuOrd Dwg. 
564101. Molding compound, per MIL-M-14E assures low 
dielectric loss, high insulation resistance, high impact 


strength. ou Metals & Controls 
NEW MINIATURE TYPES NOW AVAILABLE a | Appoints R&D Head 


Gen-Pro miniature type military terminal boards conform - | 
‘ OSS s nz an- 
with Bu Ships Dwg 9000-S6505.B-73214 and other applica. [AEN | JOHN Ross has been named man 


ble specifications. Be ager of research and development 

department of Metals & Controls 

WRITE today for new catalog Miniature ee Inc., Attleboro, Mass. Company is 

Solid, Block 17TB10 with illustrations & specifications 26TB10 ; a corporate division of Texas In- 
struments Incorporated. 

GENERAL PRODUCTS CORPORATION Since 1955 Ross has been with 

Over 25 Years of Quality Molding é TI in its central research labora- 


UNION SPRINGS, NEW YORK TWX No. 169 tory. 
CIRCLE 211 ON READER SERVICE CARD 





Heyco Shockley Transistor 
Nylon BUSHINGS Hires G. D. Ewing 


YY GERALD D. EWING has been appointed 
“STRAIN RELIEFS 7 supervisor of application engi- 
The insulating bushing 7 — . app g 


xs 2 Ps) that anchors a cord set Y neering for Shockley Transistor 

J °o he E S| to an Re a ae unit of Clevite Transistor, Palo 
if | ° 

ce gag Alto, Calif. He was most recently 


SERIES 2400_ | Z WEE i rensteten application engineer 


PLUGS & SOCKETS JUNCTION-TERMINAL || with Rheem Semiconductor Corp. 


BUSHINGS | in Mountain View, Calif. 
Eliminate ‘‘pig-tails’’ — Miniature 
size. Snap-in assembly, color or 
@ Improved Socket number coded. Can be used as 
Contacts — 4 individ- plug-in receptacle. Simple quick 
val flexing surfaces. disconnect. 
Positive contact over 
practically their en- 
tire length. 








ACCORDIAN TYPE 


Fit curved surfaces 
Nylon bushing — brass tab 


@ Cadmium plated 

Plug and Socket, Con- 3 

tacts mounted in re- HEYCO 

cessed pockets, great- E NYLON 

ly increasing leakage 

distance. IN- from 3s” to 
for ce 

CREASING 10 S'iia.— various inside 

VOLTAGE diameters. Snap Benny 

RATING panels up to *6 sein 


© tnenhengaatl \ ~ 

nterchangeable 1 as 

with 460 Series S-2406-SB ] BUSHINGS oF Vitro Electronics 
Send for complete Catalog No. 22, Plugs, Sockets, FREE SAMPLES! a teas Names Allison 
Terminal Strips. 
HEYMAN 


|| DONALD M. ALLISON, JR. has been 
1 MANUFACTURING COMPANY || named president of Vitro Elec- 
KENILWORTH 3, NEW JERSEY i | 

in 


tronics, Silver Spring, Md., a divi- 








Howard B Jones Division 
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ANYWHERE | 


IN THE 


NATION 


ELECTROLYTIC 
PAPER TUBULAR 


CONDENSERS 


“35 YEARS OF PROVEN 


DEPENDABILITY” 


COSMIC CONDENSER CO. 


853 WHITTIER STREET, BRONX, N. Y 
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sion of Vitro Corp. of America. He 
formerly was a senior executive of 
Bendix Corp. located in its Wash- 
ington, D. C. office. 

Vitro Electronics 
in telemetering, communications, 
broadcasting and _ photographic 
equipment for defense and indus- 
try. 


specializes 


Genisco Selects 

James C. Senn 
GENISCO, INC., 
pointment of 
senior project engineer 
sidiary, Genistron, Inc., 
geles, Calif. 

Senn, a specialist in the radio 
frequency interference fielu, was 
formerly with Ryan, Convair and 
with the U. S. Naval Civil 
Engineering Laboratories at Port 
Hueneme, Calif. 


announces the 
James C. 


ap- 
Senn as 
for 


Los 


sub- 


An- 


PEOPLE IN BRIEF 


Raymond C. Skoe leaves Transis- 
tor Electronics to join Control 
Data Corp.’s Cedar Engineering 
Div. as product manager for digi- 
tal products. Philip H. Sayre, 
formerly with Hoffman Electron- 
ics, appointed a senior consultant 
with MS&A, Inc. Edgar Rafnel, 
ex-Aeronca Mfg., accepts a post 
as senior projects engineer at 
Canoga Electronics Corp. Nathan 
Marcuvitz of the Polytechnic In- 
stitute of Brooklyn promoted to 
vice-president for research. Wil- 
liam K. Fortman, formerly with 
General Precision, named director 
of project engineering for Astro- 
sonics, Inc. Bob McGaughey trans- 
fers from Hoffman Electronics to 
Computer Measurements Co. as 
manager of the systems engineer- 
ing dept. William B. Snow leaves 
Space Technology Labs to join the 
scientific staff of the Bissett-Ber- 
man Corp. Monroe H. Postman, 
ex-Philco Corp., appointed West- 
ern regional sales manager for 
Bryant Computer Products Div., 
Ex-Cell-O Corp. Frank J. Sposato 
advances at Consolidated Avi- 
onics Corp. to marketing manager 
for industrial products. Louis 
Martin transfers from Westing- 
house to Ejitel-McCullough as 
manager of marketing operations. 
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CARL J. JOHNSON 
Hayes Research & 
Development Engi- 
neer, talks about 


CRYSTAL ) 
GROWING 


HOLDING TEMPERATURES 
WITHIN 2£1°C. was the chief re- 
quirement for a crystal growing 
furnace designed recently by Hayes 
for a leading semiconductor manu- 
facturer. Tight temperature control 
at heats to 1100°C. now assures this 
manufacturer high yields and high 
quality ... with the exact resistivity, 
type dislocation density, and other 
parameters specified by their 
customers. 








THE HAYES MODEL ZL-0316 is 
a zone leveling furnace employing 
a new technique for monocrystal 
production. The heating chamber 
contains six U-shaped Chromel A 
strip elements — 3 on top and 3 on 
bottom — with a hot zone located 
in the middle. The chamber is power 
driven at any preset constant speed 
from 0 to 12 inches per hr., and 
surrounds a 244” quartz tube which 
extends the full horizontal length of 
the furnace. 
PROPER INCLINE OF TUBE can be 
easily set with adjustable pads and 
tube supports. A timer, set for initial 
melting, automatically engages the 
drive. Control of speed and tem- 
perature, assures a plane solid-liquid 
interface between the crystal and 
melt... and correct distribution of 
impurities. 
A COMPLETE PACKAGE, the 
Model ZL-0316 features a com- 
pactly designed cabinet with all con- 
trols (saturable core reactor) and 
instruments mounted on a conven- 
ient front panel. Access panels allow 
for easy inspection or maintenance 
of components. 
MORE ELECTRONIC FIRMS TURN 
TO HAYES because they get con- 
sulting assistance, free lab facilities, 
job-designed equipment . plus a 
RESULTS GUARANTEED 
answer to their heat treat problems. 
Improve your product 
quality, cut your costs, 
increase your produc- 
tion rates — write now 
for Hayes Bulletin No. 
ZL-1.C. I. Hayes, Inc., 
845 Wellington Aves; 
Cranston 10, R. I. 


C. i. HAYES, INC. 


Established 1905 


lt Pays to See HAYES for metallurgical 
guidance, lab facilities, furnaces, atmos, 
generators, gas and liquid dryers, pHayes- 
master (TM) power amplifier controls. 
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EMPLOYMENT . OPPORTUNITIES 


r=} [=Yojy i ge) al [ ot 


vd 5 5 ele) Vet fey wale]. Me]. i. 
FOR POSITIONS AVAILABLE 


ATTENTION: COMPANY SEE PAGE Key # 
ENGINEERS, SCIENTISTS, PHYSICISTS OTUs tains of eee - ’ 


Illinois Institute of Technology 

Chicago, Illinois 

This Qualification Form is designed to _— you a wie electronics wun eueneh Geanenanen 131, 192 
industry. It is unique and pact. Designed with the assistance of pro- Kansas City Division 


fessional personnel management, it isolates specific experience in elec- Kansas City, Missouri 





tronics and deals only in essential background information. ERIE ELECTRONICS DIV. 


Erie Resistor Corp. 
The advertisers listed here are seeking professional experience. Fill in Erie, Pa. 


the Qualification Form below. 
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GENERAL DYNAMICS /ELECTRONICS 
A Div. of General Dynamics Corp. 
Rochester, New York 


STRICTLY CONFIDENTIAL siaiiaiiiaiae ) 
Your Qualification form will be handled as “Strictly Confidential” by Soh Mile Ciltete Div. 
ELECTRONICS. Our processing system is such that your form will be 
forwarded within 24 hours to the proper executives in the companies you MCGRAW-HILL PUBLISHING CO., INC. 


New York, New York 
select. You will be contacted at your home by the interested companies. 


NORTHROP CORPORATION 
Beverly Hills, California 


WHAT TO DO PHILADELPHIA NAVAL SHIPYARD 
. Review the positions in the advertisements. Philadelphia, Pa. 


: i PHILCO WESTERN DEVELOPMENT LABS. 
. Select those for which you qualify. Palo Alto, California 
. Notice the key numbers. 


: , PRATT & WHITNEY AIRCRAFT 
. Circle the corresponding key number below the Qualification Form. Div. of United Aircraft Corp. 


West Palm Beach, Florida 
. Fill out the form completely. Middletown, Connecticut 





. Mail to: D. Hawksby, Classified Advertising Div., ELECTRONICS, Box 12, REPUBLIC AVIATION 130 
New York 36, N. Y. (No charge, of course). Farmingdale, L.1., New York 


* This advertisement appeared in the 3/31/61 issue. 


electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE 


Personal Background 


Education 
PROFESSIONAL DEGREE(S) 
MAJOR(S) 
UNIVERSITY 
DATE(S) 


FIELDS OF EXPERIENCE (Please Check) CATEGORY OF SPECIALIZATION 
Please indicate number of months 
TC) Aerospace CT Fire Control CO Radar 


experience in proper block(s) 
Pena ae 
xperience xperience 
CT Antennas CJ Human Factors C] Radio—TY (Months) (Months) 
RESEARCH (pure, : 
[]asw [_] infrared [_] simulators fundamental, basic) 


RESEARCH 
CJ Circuits C7] Instrumentation T) Solid State (Applied) 


SYSTEMS 
C] Communications € Medicine CT Telemetry (New Concepts) 


DEVELOPMENT 
CT] Components CJ Microwave TC] Transformers (Model) 
DESIGN 
C] Computers C] Navigation (Product) 


‘is MANUFACTURING © 
ECM (Product) 


FIELD 
CT] Electron Tubes CT] Optics (Service) 


aDias . SALES 
CT Engineering Writing CT Packaging (Proposals & Products) 


CIRCLE KEY NUMBERS OF ABOVE COMPANIES’ POSITIONS THAT INTEREST YOU 
a $ 6 FF 8 9 7 Wt 12 33 4 15 1% 17 “38 19 20 2. 22 2S 24, 25 
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EMPLOYMENT OPPORTUNITIES 


GENERAL DYNAMICS | ELECTRONICS 


General Dynamics / Electronics, the 
electronics arm of General Dynamics 
Corporation, comprises the Stromberg- 
Carlson Division in its entirety, plus the 
separable electronics operations of other 
General Dynamics Divisions. It is engaged 
in the research, development and produc- 
tion of electronic products and systems in 
the military, industrial and commercial 
fields. In addition, the research operation 
of General Dynamics / Electronics is 
actively engaged in both pure and 
applied research in many advanced 


electronic techniques. 





A FEW POSITIONS ARE AVAILABLE IN THE FOLLOWING AREAS: 


NUCLEAR REACTOR & PROCESS CONTROLS 
SINGLE SIDEBAND COMMUNICATIONS 
DIGITAL COMMUNICATIONS 
SPACE ELECTRONICS & NAVIGATION 
GROUND SUPPORT EQUIPMENT 
HYDROACOUSTICS 
ELECTROACOUSTICS 
SOLID & PLASMA STATE 
STOCHASTIC PROCESSES 
BASIC DATA COMPONENTS 


With the establishment of a stronger electronics identity for 
General Dynamics Corporation, growth is expected in all areas. 
And greater flexibility will allow General Dynamics/Electronics 
to move rapidly into new and profitable fields. 


® If you are interested in furthering your career in any 
of the areas listed, forward a resume to M. J. Downey. 


GIIMIEID 


GENERAL DYNAMICS | ELECTRONICS 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


1451 N. GOODMAN ST. e ROCHESTER 3, NEW YORK 
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EMPLOYMENT OPPORTUNITIES 


ONIC SYSTEMS ENGINEERS... 


create the optimum neuro- pattern 
Pa ' linking the electronic “brains” of 
Se» Republic’s F-105D 


This revolutionary aircraft, the most fully auto- 

matic one-man fighter-bomber yet conceived, 

Shown here: some of incorporates the most complete and sophisticated 

the electronic devices array of electronic systems ever assembled in one 

enabling the F-105D pilot aircraft 
to be fighter-pilot, x 

bombardier, — Integrating the black boxes that comprise the 

navigator, ; _— electronic “brains” of the F-105D requires an over- 

aisaaiaes all systems network of complete compatibility... 

in one. = a “neuro-pattern” comparable in organization and 

; self-regulation to that of a high order of living organ- 

ism. It’s a tough assignment, but if you like to tackle 

advanced systems integration, you'll enjoy the chal- 

lenging problems involved in the following areas: 








Radar — High speed tape recorders 
(front & side looking) Antenna & radome design 

Fire control systems Data link 
Flight control systems Navigation — 
Infrared systems doppler & inertial 
Digital computer design © Communications 
Analog computer design © Servomechanisms 

If you have an EE or Physics degree and 5 or 
more years experience in one of the above areas, we 
invite you to write in confidence to: 
Mr. George R. Hickman, Engineering Employment Manager, Dept.11D-1 


SIE P@UIEsassa AVIATZan 
Farmingdale, Long Island, New York 





Opportunities 
at Marquardt for 
DATA SYSTEMS 
ENGINEERS 


To devise problem solving sig- 
nal processing systems using 
the capabilities of a new, 
large storage random access 
memory system. Responsibil- 
ity also includes study of 
methods for mark-coding for 
optimum information storage, 
and study of logical methods 
for adapting a multi-channel 
memory system to specific ap- 
plications. 

Candidates should hold an 
M.S. or Ph.D. in EE, Physics 
or Mathematics with perti- 
nent experience in computer 
memory devices, logical de- 
sign, analog or digital data 
processing systems and tech- 
niques. 


ME’s, CHEM E's, EE’s, plus CIVILS 
you think of INTEREST 
. think of your job 
When you think of GROWTH 
think of your job 


When you think of CHALLENGE 
think of your job 
When you think of your job, 
think of McGRAW-HILL 


An engineer-editor on a top magazine gocs hand-in-hand with interest, 
growth and challenge. In such a position, you meet and mingle with the 
top brains in your field. You'll be “in the know’ about new developments 
by getting the facts and evaluating them for other engineers. You'll sce 
‘our work in print. If you like engineering but crave work that is imagina- 
tive, timely and exciting, you may be one of the engincer-editors we are 
looking for. 


If you want growth, interest and a challenge in a job, ask for additional 


Send resume in confidence to: 
information by writing to: 


Floyd Hargiss, 
Manager Professional Personnel 
16555 Saticoy Street, Van Nuys, California 


A larquardt 


CORPORATION 


Mr. Jack Coyne—Room 506 
McGraw-Hill Publishing Company 
330 West 42nd Street 
New York 36, New York 


Corporate Offices: Van Nuys, California 
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EMPLOYMENT OPPORTUNITIES 
al al 
SCIENTISTS + ENGINEERS + BS,MS + PhD 


POSITIONS OPEN Name Your Field in Electronics 
FOR INQUIRING ... you'll find it at Electronics Park 


At General Electric’s headquarters for electronics in Syracuse, New York, 
MINDS IN you'll discover projects in every phase of modern electronics, aimed at every 
kind of application — Consumer, Industrial, Military. 
These projects are distributed over research laboratories, development and 
MANUFACTURING design groups, manufacturing facilities and field service centers. Different 
operations are structured to provide independent, localized management yet 
r 4 all offer technical cooperation to each other. In the next building—or the 
next office — you'll be able to pinpoint a technical expert for consultation on 
any electronic problem. 
ENGINEERING! THE CHART BELOW offers a broad indication of areas in which we are active- 
a ly engaged. Check off those areas that are of interest to you — fill in the coupon — 
and mail to the address below. We will advise you of specific opportunities 
now available at General Electric’s Electronics Park. 





Engineering Special Projects 
Bendix of Kansas City, Missouri needs ee ee ee oe on 


three Manufacturing Research Engineers Agelied Systeme ‘ Teshatean! fete 
to do original work with new mate- Advance’ e 

ie, of Gh. ee a a TECHNICAL AREAS Research Engineering development Design ‘Writing Service j 
with ordinary materials—Minds that 

will inquire into the many branches of 
technology and bring together that 
combination of techniques capable of 
producing a unique product. As a 
Prime Contractor for the Atomic Energy 
Commission, our function is to give the 
Weapon Designer the greatest pos- 
sible latitude in exploiting new mate- 
rials and techniques. We do this by 
paralleling his design work with ad- 
vanced development of manufacturing 
processes during the design phase. The 
control of processes must frequently be 
so precise that automation is required 
for that reason alone—production 
quantity notwithstanding. 
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Multiplex Microwave ; ea 
SSB Radio 
DSB Transmitters 
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Synchronous Receivers 
Data Links 
DATA RECORDING & DISPLAY 
Equipments 
Advanced Techniques 
i.e. Thermoplastic Recording 
DEFENSE SYSTEMS — Underwater 
Missile Guidance & Navigation 
Air Weapons Control 
COMPUTERS (Digital) Applications 


MATERIALS & PROCESSES 
(Electrochemical, etc.) 


SEMICONDUCTORS -Circuitry, Devices 


PHYSICS 
(Military & Commercial Applications) 


Space 
Accoustics 





pa. 


i ° |e 
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Engineers who can fill these positions 
must combine original thought with 
solid training in the basic physical 
sciences. They must be able to com- 
bine the reasoning of several disciplines 
in the development of a solution. Mini- 
mum requirements include: 














Bachelor's Degree in Mechanical, 
Chemical or Electrical Engineer- 
ing. 


*k Strength in one or more of the 

following fields: subminiature 
transformer and toroid produc- 
tion, plastic and rubber formula- 
tion and fabrication, sheet metal 
fabrication, heavy and small parts 
machining, and fabrication and 
assembly of precise and delicate 
electrical and electronic assem- 
blies requiring special environ- 
mental facilities. 
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Electron Optics 





These are responsible positions for 
engineers who are qualified to do 
original and creative work, and who 
can demonstrate by a record of past 
professional accomplishment that they 
possess this ability. Ours is one of the 
nation’s most vital industries. We offer 
unusually generous company benefits in 
a Midwestern community which is 
famous for its beauty and low cost-of- 
living. All replies will be strictly 
confidential. 


Electromagnetics 
TELEVISION (Broadcast & Industrial) 
Receivers 
Transmitters (AM, FM & TV) 
HF Video & Audio Techniques 
S TUBES — Cathode Ray 
AUTOMATED MACHINE CONTROLS 9 
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For personal interview send resume to 


To: GENERAL ELECTRIC COMPANY 
Electronics Park, Div. 69-WD 
Syracuse, New York 


Technical Personnel Dept. 


Mr. K. L. Beardsley 
Box 303-UF 


I am interested in Technical Areas I have checked. 


My name: 





Address: 





Degree: 





All communications held in strict confidence. 


GENERAL @® ELECTRIC 


95th & Troost, Kansas City 41, Missouri 
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BENDIX 
Kansas City 


NEEDS 
ELECTRONIC TEST 
EQUIPMENT DESIGNERS 


it isn’t 


packaged electronic test instrumenta- 


unusual for our speciality 
tion to be more sophisticated than 
the products it is designed to test. 
The reason for this is that our AEC 
prime contract requires standards of 
quality which are far beyond the 


ordinary. 


Since we do unusually demanding 
work, we have an unusually interest- 
ing department. Our engineers are 
constantly wrestling with new and 
unexplored problems. They contribute 
to project teams in the solution of 
unique testing assignments with re- 
sponsibility from design to actual use. 
As a result, these engineers have the 
almost unparalleled experience of 
seeing their brain children converted 


into practical hardware. 


This is no place for a beginner or a 
What others the 
“State of the Art’, we consider com- 


drone. treat as 
monplace, and you'll need both train- 
We 
prefer an E.E. who is familiar with 


ing and experience to qualify. 


test equipment problems and inspec- 
tion techniques. Past association with 
military electronics equipment or ex- 
perience in precision measurement of 
mass produced items would help to 
Machine 


shop experience would also be useful. 


equip you for this position. 


If you can qualify, we promise you 
an exceptionally rewarding spot with 
one of the nation’s most vital indus- 
We offer 

company benefits 


tries. unusually generous 
in a Midwestern 
community which is famous for its 
beauty and low cost-of-living. All re- 


plies will be strictly confidential. 


For personal interview 
send resume fo: 


Mr. T. H. Tillman 


KANSAS CITY DIVISION 
95th & Troost, Kansas City 41, Missouri 


CIRCLE 386 ON READER SERVICE CARD 


ELECTRONIC 
‘ENGINEERS 


for 


Shore Installations 
PHILADELPHIA 


Responsible for fixed and mobile radio, 
radar, sonar, navigational aids, etc., at 
Naval Shore Activities in the East. 


About 25% travel, with all travel costs 
paid and $12. per diem. 


$7560—$8860 to start, plus excellent 
benefits of career civil service (up to 
26 days paid vacation, 13 days paid 
sick leave, for example). 


B.S. with 3 years experience. Submit 
resume to: Industrial Relations Officer, 
Philadelphia Naval Shipyard, Phila- 
delphia 12, Pa. 


SEER 
CIRCLE 387 ON READER SERVICE CARD 





With experience in the design and devel- 
opment of Hi-Frequency and Pulse trans 
formers for commercial and military ap- 
plications. 


Ideal opportunity for ambitious man to 
develop full potential of present small de- 
partment. 
Pa. Call or send resume to: Chief Engineer 


645 West 12th Street 


TRANSFORMER ENGINEER 


Salary—open. Location—Erie, 


Erie Electronics Division 
Erie Resistor Corporation 
Erie, Pa. 
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Graduate, between 25 and 32 years of 
age for sales engineering work by manu- 
facturer of electronic components, includ- 
ing High Speed Relays. 
Pressure Switches. 


Wanted Electrical or 


‘ 
Electronic Engineering 


Choppers, and 


Location: Chicago or Cleveland 
Write Harry E. Beane, Vice President 


THE BRISTOL COMPANY 
Waterbury 20, Connecticut 











“Put Yourself in the Other Fellow’s Place’ 
TO EMPLOYERS 
TO EMPLOYEES 
Letters written’ offering Employment or appls 
ing for same are written with the hope of 
satisfying a current need. Ap answer, regardless 
of whether it is favorable or not, is usually 


expected. 
MR. EMPLOYER, won't you remove the mystery 
about the status of an employee’s application by 
acknowledging all applicants and nor just th: 
promising candidates. 
MR. EMPLOYEE you, too, can help by ack- 
nowledging applications and job offers. Thi-x 
would encourage more companies to answer posi 
tion wanted ads in this section. We make this 
suggestion in a spirit of helpful 
between employers and employees. 
This section will be the more useful to all as a 
result of this consideration 
Classified Advertising Division 

McGRAW-HILL PUBLISHING CO., INC. 

330 West 42nd St., New York 36, N. Y. 


cooperation 








WHAT IS 
YOUR 
PROBLEM ? 


PERSONNEL? 


Do you need competent 
men for your staff? Do you 
need men to fill executive, 
sales or technical posi- 
tions? 


EMPLOYMENT? 


Are you one of the readers 
of ELECTRONICS seeking 
employment in any of the 
above capacities? 


BUSINESS 
OPPORTUNITIES? 


Are you looking for or of- 
fering a business opportu- 
nity of special interest to 
men in the field served by 
this publication? 





EQUIPMENT? 


Do you need equipment— 
Used or Surplus new? Do 
you have any to offer? 


Read the “SEARCHLIGHT 
SECTION,” and the “EM- 
PLOYMENT OPPORTUNI- 
TIES” Section found in every 
issue of ELECTRONICS for 
the solution of these prob- 
lems. Or bring your prob- 
lem directly to the attention 
of other readers. You can 
get their attention—and ac- 
tion—at a_ relatively 
cost by placing your ad in 


ELECTRONICS 





low 
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App 


Audited Paid Circulation 


*ADC Incorporated 
*AMP Incorporated 

ACE Electronic Associates Inc 
Aerocom 

Aerospace Corporation 

Airborne Instruments Laboratory. 
Air Express 

*Alden Products 

Allen Bradley Co 

Amperex Electronic Corp 


Ampex Instrumentation Products 
Company ‘ ; : 


Anti-Corrosive Metal Products Co., 
Inc. 


Armour Research Foundation. 


Avnet Flectronics Corp. 


Barnstead Still & Sterilizer Co.... 
Bausch & Lomb, Inc. 
Beattie-Coleman, Inc. 


Beede Electrical Instrument Co., 
Inc. , ‘ ats 


Bendix Corporation 
Scintilla Division 


Budelman 


Bussmann Mfg. Co 


Cambridge Thermionic Corp 
Canoga Electronics Corp. 

Carborundum Company, The 
Chicago Dynamic Industries, 


Clairex Corp. 


‘levite Transistor A Div. of Clevite 
Corp. 37. 


‘Iv-Del Mfg. Co. 
‘ontinental Connector Corp 
‘onvair/Pomona 

‘osmic Condenser Co 


‘TS Corporation 


Dale Electronics, Inc. Pacific 
Division 7 


DeJur-Amsco Corporation 
Despatch Oven Co 
Dow Corning Corp 


Dynacor, Inc., A Sub. of Sprague 
Flectric Co. 


Eicor Inc. 


Electronic 
(EICO) 


Epseo Ine. 


April 7, 1961 


*FXR Inc. 


*Fenwal Electronics, 


GM Laboratories, 


General Aniline & Film Corp. 
Ozalid Div. ‘ oe 


General Instrument Corp. 


General Products Corp 


Hayes, Inc. C. I 


Helipot Division of Beckman 
Instruments, Inc. ‘ 


“Hewlett-Packard Company 
Inside Front Cover 


*Heyman Manufacturing Co cittare he. Ce 
*Hill Electronics, Inc. ; ; 33 


Honeywell Precision Meter Div., Min- 
neapolis-Honeywell Regulator Co. 103 


*Hoskins Mfg. Co me ata 


Huxhes Aircraft Co 


Jones Howard B., Division of 
Cinch Mfg. Co 


*Kearfott Div. 
Inc. ; +n 41 


*Kintel, A division of Cohu 
Electronics Ine 


3rd cover 
*Knights Company, James......... 


Kyoritsu Electrical Instruments 
Works, Ltd. 


Laminated Shim Company, Inc., T 


Litton Systems, 


Magnetic Metals Company 
Mallory and Co., Inc., 
Markel & Sons, L. 


Masterite Industries 
Division of Houston Fearless Corp. 


Microdot, Ine. 


Minnesota Mining & Mf 
Mincom Div 


Mitsumi Electric Co., Ltd......... 


Narda Microwave 
North Electric Co 


Northrop Corp. 


* See Advertisement in the July 20, 1960 issue 
of Electronics Buyers’ Guide for complete line of 
products or services 
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SQUARE-LOOP 
TAPE CORES 
TO MEET YOUR 
TOUGHEST 
SPECIFICATIONS 


Speed your specs to Dynacor 
when you want square-loop tape 
cores to exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe- 
rience and facilities—the know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise. 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain- 
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

. with fully guaranteed uni- 
formity ... under rigid standards 
of control and inspection. 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery— 
Send for bulletins DN 2000, DN 
2001, DN 2002. 








DYNACOR, INC. 
A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 
1006 Westmore Ave. * Rockville, Maryland 
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BEEDE-E-25 


EDGEWISE METER 
--+- can be used in 
either Horizontal or 
Vertical position — 
may be paired for 
comparative reading 


Conserves space 
where panel area 
is limited gas 


ELECTRICAL INSTRUMENT CO., INC. 


PENACOOK, N. H. 


CIR 





1% * YD 
Means 


DROPPED A227 
THE BINOCULARS? 


With everybody watching each other 
along the DEW line and the Iron Curtain 
these days, electronics has replaced bin- 
oculars. 

What’s happening in the giant markets 
for missile controls, radar and communi- 
cations equipment? 

electronics tells how things are going, 
keeps you informed of developments as 
they occur. This is a good time to sub- 
scribe or renew your subscription. Just 
fill in box on Reader Service Card. Easy 
to use. Postage free. 


FIND WHAT 
YOU NEED IN... 


electronics | 
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*Owen Laboratories, Inc 


*Perfection Mica Co. 
Magnetic Shield Div 


Philco Western Development 
Laboratories 


Radiation Inc. 
*Radio Corporation of America.4th cover 


RCA Service Co 


Sensitive Research Instrument Corp. 
Shallcross Mfg. Co 

*Sierra Electronic Corp 

Space Technology Laboratories, 
Spectrol Electronics Corp 

Sprague Electric Co 

St. Petersburg Chamber of Commerce 


Stromberg-Carlson 


*Syntronic Instruments, 


*Texas Instruments, Incorporated 

Semiconductor-Components Division 
oD) 

Tokyo Shibura Electric ,Co., Ltd... 


*Tung-Sol Electric, Inc 


Uniform Tubes Inc 


Utica Drop Forge & Tool Division, 
Kelsey-Hayes Co. 


*Vitramon, 


*Waters Manufacturing, 


*Williams & Co., C. K 


* See Advertisement in the July 20, 1960 issue 
of Electronics Buyers’ Guide for complete line of 
products or services. 


” CLASSIFIED ADVERTISING 
F. J. Eberle, Business Mgr. 


EMPLOYMENT OPPORTUNITIES. 129-132 


ADVERTISERS INDEX 


Bendix Corp., Kansas City Div...... 
Bristol Co. 

Erie Electronics Div., Erie Resistor Corp. 
General Electric Co 


General Dynamics /Electronics, A Div. of 
General Dynamics Corp.. 


Marquardt Corp. 
McGraw-Hill Publishing Co.... 
Philadelphia Naval Shipyard............ 


Republic Aviation 





This index and our Reader Service Numbers are pub- 
lished as a service. Every precaution is taken to make 
them accurate, but ELECTRONICS assumes no re- 
sponsibilities for errors or omissions. 
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Audit Bureau 
of Circulations 


Associated Business 
Publications 


Audited Paid Circulation 


BRUCE A. WINNER, 
Advertising Sales Manager 


R. S. QUINT, Assistant Publisher Buyers’ Guide 
and Business Manager; FRED STEWART, Pro- 
motion Manager; B. ANELLO, Marketing 
Service Manager; RICHARD J. TOMLINSON, 
Production Manager; GEORGE E. POMEROY, 
Classified Manager; HUGH J. QUINN, Circu- 
lation Manager. 


ADVERTISING REPRESENTATIVES: NEW YORK 
Donald H. Miller, Henry M. Shaw, George F. 
Werner; BOSTON William S. Hodgkinson, 
Donald R. Furth; PITTSBURGH David M. 
Watson; PHILADELPHIA Warren H. Gardner, 
William J. Boyle; CHICAGO Harvey W. 
Wernecke, Martin J. Gallay; CLEVELAND 
P. T. Fegley; SAN FRANCISCO T. H. Carmody, 
R. C. Alcorn; LOS ANGELES D. A. McMillan, 
Marshall Freeman; DENVER J. Patten; 
ATLANTA M. Miller; HOUSTON Joseph A. 
Page; DALLAS Robert T. Wood; LONDON 
Edward E. Schirmer; FRANKFURT Stanley R. 
Kimes; GENEVA Michael R. Zeynel. 


BRANCH OFFICES: National Press Bldg., Wash- 
ington 4, D.C.; McGraw-Hill Bidg., Copley 
Square, Boston 16; Four Gateway Center, 
Pittsburgh 22; Six Penn Center Plaza, Phila- 
delphia 3; 520 North Michigan Avenue, Chicago 
11; 55 Public Square, Cleveland 13; 68 Post 
Street, San Francisco 4; 1125 West Sixth St., 
Los Angeles 17; 1740 Broadway, Denver 2; 
1301 Rhodes-Haverty Bldg., Atlanta 3; 901 
Vaughn Bldg., Dallas 1; Prudential Bldg., Hol- 
combe Blvd., Houston 25; McGraw-Hill Pub- 
lishing Co., Ltd., 34 Dover Street, London, 
England; 85 Westendstrasse, Frankfurt/Main; 
2 Place de Port, Geneva. 
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now! 
plug in 
the solution “& 
to your « 
e yan) e)iareralele 


e)ge)e) I-10 


Special Plug-In Units Make KIN TEL’s Wideband DC Amplifier the Basic 
Component in a Variety of Data Acquisition Systems. Why Not in Yours? 


With a 112A-A Plug-in, the amplifier provides accurate drift- 
free signals at any of ten fixed gains from —20 to — 1000 with 
a stability of +0.1% and an accuracy within +0.5%. A Micro- 
Gain control sets individual fixed gains within 0.01%, anda 
2:1 vernier control adjusts gains between fixed steps. Out- 
puts are available up to +45 volts or +40 ma at an imped- 
ance less than 1 ohm, linear within 0.01% at DC and within 
0.1% to 2 ke. Drift is less than 2 uv for 400 hours, and noise 
is less than 5 nv from DC to 750 cps, less than 12 uv to 50 ke. 
Bandwidth is within +0.5% to 2 kc, +3% to 10 kc, +3 db to 
beyond 40 ke. 


With a 112A-B Plug-in, the amplifier gain is fixed at +1 with 
an accuracy, stability, and linearity within +0.001% at DC, 
+0.1% to 2 kc. Input impedance is 10,000 megohms + 100upf 
at DC, 1,000 megohms +100 uzyf at 2 kc. Bandwidth extends 
to 100 ke. Output capabilities are the same as with the 
112A-A plug-in. 

With a 112A-0 Plug-in, the user may install resistances for 
any fixed gain or for +1 operation as described above. Re- 
sistive and reactive components may be installed for use as 
a summing amplifier, an integrator, or for other specialized 
operational application. 


With a 112A-AO Plug-in, ten fixed gains are available with all 


the features described for the 112A-A unit, and in addition, 


an operational position is provided on the panel control for 
use with an external feedback network in specialized summer, 
integrator, or computer functions. 

With any plug-in, the 112A may be used in a single-amplifier 
cabinet on a bench or in either a one- or six-amplifier module 
to fit a standard 19-inch rack. Write today for detailed tech- 
nical literature or demonstration. Representatives in all 
major cities. 


PRICES: 

112A amplifier alone .. i 
112A-A Ten-gain Plug-in .... 
112A-B Plus-one Plug-in ; 
112A-O Empty Plug-in .... alas 
112A-AO Ten-gain/Operational ... 
195 single-amplifier cabinet .. 
191A Single-amplifier rack module . 
190 Six-amplifier rack module ..... 


. $530.00 
95.00 
85.00 
45.00 

105.00 
125.00 
150.00 
295.00 


5725 Kearny Villa Road 
San Diego 11, California Te se 
Phone: BRowning 7-6700 eneinaiaeaigi 
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Unequalled Light Sensitivity 





and Low Lag 





_ New RCA photoconductor utilized 
in world’s most sensitive vidicons 


Now, an RCA exceptionally sensitive photosurface 
ushers in a new family of advanced vidicons un- 
equaled anywhere for their light sensitivity and 
closely-controlled characteristics. 


other applications involving shock, vibration, hu- 
midity, and altitude. Both types operate at 30% 
less heater power than any other commercially 
available type of vidicon. 

The RCA-7735-A—double the sensitivity of the All three of these advanced camera tubes feature a 
7735—provides good pictures at lower light levels resolution capability of 600 to 900 lines, broad spec- 
with less lag than previously possible! This sensi- 
tivity and the tube’s lower “lag”” make the 7735-A 
ideal for industrial use. 


tral response, and the high tube-to-tube uniformity 
that has become identified with RCA vidicons. 


For complete information about these RCA vidi- 
cons—the most sensitive in the world—get in touch 
with: Marketing Manager, Industrial Tube Prod- 
ucts, RCA, Lancaster, Pa. For a technical bulletin 
on any of these types, write Commercial Engineer- 
ing, Section D-19-Q-1, RCA, Harrison, N.J. 

RCA ELECTRON TUBE DIVISION FIELD OFFICES... Industrial Tube Products Sales: Detroit 2, Michigan. 714 New Center Building, TRinity 5-5600 ¢ Newark 
2, N. J., 744 Broad St.. HUmboldt 5-3900 ¢ Chicago 54, Illinois. Suite 1154, Merchandise Mart Plaza, WHitehall 4-2900 ¢ Los Angeles 22, Calif., 6355 E. Wash- 

n Blvd. RAymond. 3-8361 ¢ Burlingame. Calif, 1838 El Camino Real 


OXford 7-1620 « Government Sales: Newark 2, N. J.. 744 Broad Street, HUmboldt 
on 2. Ohio, 224 N. Wilkinson St.. BAldwin 6-2366 e Washington 6, D. C 1725 ‘‘K’’ St. N.W.. FEderal 7-5800 


Two short-length vidicon types featuring the same 
sensitivity as the 7735-A are offered for use in com- 
pact transistorized cameras. RCA-7262-A is in- 
tended for normal outdoor-indoor environments. 
RCA-7263-A is especially designed for military or 


st 


The Most Trusted Name in Electronics 


RADIO CORPORATION OF AMERICA 




















